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. ABSTRACT

R

\ Earthbound recording systems come in many sizes and use
5 various mediums on which to record the data. The harsh Iy

environment of space, however, introduces some unique prob-

‘e W

y lems. This limits the number of choices not only for the

‘s

type of system but also for the optimum recording medium.

R

How changes in temperature, radiation, lack of air, etc.,

affect the performance of the device as a whole must all be

considered. o

- Magnetic bubble memory technology implemented in a solid

' state reccrder is a possible solution. Included 1in this K
-thesis is a description of <the development and history of
the magnetic bubble memory, along with a comparison to other
: technologies. The design and implementation of a digital
V data recorder using off-the-shelf four-megabit devices 1is
presented. A schematic of the data recorder and software

used is included in the appendices.
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I. INTRODUCTION

"Space, the final frontier . . . ."! For centuries space
has been an unknown frontier to man, a frontier that has
been, and is still, studied in great detail. Man, in his
b quest for knowledge, has progressed from performing experi-
ments in space with unmanned vehicles to manned reusable
platforms that can remain in space for days. With the birth
of the Space Transportation System (STS or Shuttle), an
b opportunity has been provided for persons outside the
National Aeronautics and Space Administration (NASA) and

e W

military organizations to send their own experiments into
space. This opportunity is in the form of a program that is
known as the Get Away Special Program or GAS.

The GAS program provides guidelines for the designers of

an experiment. These guidelines include such tips as the

Yy

recommended use of the standard GAS container provided by
NASA, electronic interfaces to the Shuttle cargo bay, safety
b tips, and environmental considerations. Table I provides
the conditions under which the payload must perform {[Ref. 1:
p. 2].

An experiment that will be flown on the Shuttle by
students from the Naval Postgraduate School (NPS) is
designed to measure the vibro-acoustic power levels that
occur in the forward one-third of the STS cargo bay during
launch. Acoustic vibrations may cause widespread damage to
the electronic equipment. Three microphones will be used to

detect the acoustic noise levels. The data obtained will be

stored in a recorder. Since the required data will be
produced during the first two to three minutes of launch,
(the recorder will be idle for the remainder of the flight),

" 1This guotation was taken from the television series
Star Trek.
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TABLE I
DESIGN PARAMETERS

Altitude (NM) . 400
Percent time 1in
earth's sh§dow 40
Temperature (°C)
relaunch 5
Launch 5
On-orbit -
Entry/?ostlandin%
Typical overall temp
Pressure (atm) 10 °
Steady-state
acceleration (g) 10 2 10 7
Acceleration in
maneuvers (g) 0.1 Q.001
Random Vibrations . 125 g2/Hz
between 80-1000 Hz
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the memory needed to record the data must be rugged, reli=-
able, and non-volatile. It must be able to withstand the
impact of lift-off and the hazards of a harsh environment
such as space.

A solid state magnetic bubble memory data recorder
(SSDR) has been chosen to perform the task of data storage.
This and all other components of the whole experiment have
been designed with the previous parameters as the specifica-
tions. This thesis presents the development of the magnetic
bubble memory and its implemeﬁtation as the recording medium
in the solid state data recorder.
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II. BUBBLE MEMORY CHARACTERISTICS

Equipment used in experiments performed in space must be
inherently rugged in order to withstand the severe environ-
mental surroundings. What may be a successfully operating
piece of equipment on earth may have to be upgraded in
certain areas 1in order to function reliably in space
[Ref. 2: p. 1]. The first section of this chapter is
devoted to a discussion of the performance of the Magnetic
Bubble Memory (MBM) in such a hazardous environment. The
remaining section compares it with other memory devices when

required to function as a data recorder.

A. MAGNETIC BUBBLE MEMORY PERFORMANCE

In space, exposure to intense radiation and temperatures
that far exceed those experienced on earth are encountered.
Studies have been conducted to determine just how severe
these effects may be on the MBM. These studies have shown
that it is wvirtually unharmed by exposure to neutrons,
protons and gamma rays. Experiments have demonstrated that
levels above 10!3% neutrons/cm? do not cause permanent meas-
urable changes in the properties of the materials used
[Ref. 3: p. 2]. The MBM has also been exposed to transient
radiation, such as X-rays. Even 1in the absence of
shielding, tests have shown that failure occurred at a value
of 5 x 10% rads/sec [Ref. 4: p. 4847]). This information can
be put into perspective when one considers the radiation
received by an already '"space-born" system such as the
Global Positioning System(GPS). It is in an orbit in which
the satellites experience the greatest radiation dose to
date by 1long-lived, earth-orbiting systems. Tests have
shown that over a 448-day pericd, the average dose of radia-
tion was 404 rads/day [Ref. 5: p. 477]. Radiation, there-
fore, will have very little effect on the MBM module.
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Due to the lack of atmosphere in space the temperature
range can be extensive. There are two major limitations on
the operating temperature range of the MBM. The first limi-
tation is 1in connection with the bias field. The second
limitation is in conrection with the rotating magnetic
field. (Implementation of the two fields is discussed in
Chapter 2.)

The permeability of both the bias field and the thin
film of magnetic material on which the bubbles are formed is
affected by varying temperatures. The composition of each

part changes in accordance with changes in temperature, and

thereby limits the operating temperature of the MBM. The
effect on the rotating magnetic field is such that, as
temperature decreases, the rotating field must increase in

order to drive the bubbles through the medium.

Two other effects exist that may 1limit the operating
temperature range of the MBM. First, to generate new
bubbles~~-i.e., a write operation=--a current pulse, which
will be explained in the following chapter, is required.
This pulse varies with changes in temperature. To ensure
proper generation of each bubble, the pulse must be adjusted
or else improper data may be recorded. The second effect
occurs in a read operation. During the read cycle, the data

is sent under a type of detector that senses the presence or

absence of a bubble. This detector output changes with
temperature. Since the bubbles' magnetic permeability and
the detector's sensing ability vary with temperature, the

operational temperature of the MBM is 1limited to a fixed
range of values. Current MBM modules operate over a temper-
ature range of -20° to +85° [Ref. 6: pp. 83-88].

Data already recorded in the MBM can be stored reliably

over a full range of temperature from ~40° to +90" [Ref. 7:

p. 3]. The largest temperature restrictions imposed on
equipment are those encountered in the military. Many of
11
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the military applications require successful operation at
temperatures beginning as low as =55° C. Research 1is in
progress to improve the operating temperature capability of
the MBM [Ref. 6]. For the GAS experiment, however, the
advertised operating temperature range of the MBM is suffi-
cient.

The MBM has no mechanical moving parts (see Chapter 2).
With cassette recorders that require mechanisms to turn the
recording medium, mechanical breakdown, corrosion, and slip-
ping due to vibration may occur. None of these situations
which may prove fatal to the mission, 1i.e. loss of data,
will occur with the MBM.

B. COMPARISON OF MBM TO OTHER MEMORY DEVICES

A comparison of the MBM with other memories demonstrates
further why using it as a data recorder in the space envi-
ronment constitutes a practical choice. Memories c¢an be
separated into two basic categories: semiconductor and
magynetic. Examples of the former include ROM, PROM, EPROM,
E2 ROM, RAM, and CCD. Examples of the latter include tape,
disk, core and MBM. The semiconductor group uses voltage,
charge or current levels to represent data. The magnetic
group uses variation in magnetic flux [Ref. 8: p. 8].

The individual features of each memory should be consid-
ered in choosing an appropriate device; using one in space
adds even more constraints to the selection process. Some
required features, besides radiation hardness and temperaure
range, are versatility, non-volatility, reliability, small
size, low power consumption and, finally, cost.

When versatility is considered, some of the aforemen-
tioned memory devices can be eliminated. The PROM (program-
mable ROM) and EPROM (erasable programmable ROM) must be
programmed by the user outside the circuit. While the PROM
can be programmed only once, the EPROM has the capability of
being programmed numerous times. In order to accomplish

12
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this, however, it must be removed from the circuit and

exposed to ultraviolet light. As a result, using either as
a recording medium would be impractical.

The electronically erasable ROM, E2 ROM, can be changed
right in the circuit. Any byte can be erased in approxi-
mately 9ms (Intel E2 ROM 2816A) without affecting the data
in any other location. The entire memory can be erased in
Sms also [Ref. 9: p. 5-83]. The available chip sizes,
however, do not compare to the amount that can be stored in
one 1 Mbit MBM module or the 4 Mbit device. The E2 ROM
functions best as a read only memory suited for storing
fixed programs, 1logic functions or code converters with the
added capability of remote firmware update of program code
and dynamic parameter storage {Ref. 9: p. 5~10].

Other memories can be eliminated when non-volatility is
considered. If a memory is non-volatile, it has the ability
to retain already stored data should a power failure occur.
The semiconductor RAM (random access memory) i1is a volatile
memory. Data recorded prior to a power failure would be
lost.

The CCD, or charge-coupled device, was developed in an
effort to find a semiconductor equivalent to the MBM. It is
dynamic, and data must be internally shifted at a minimum
rate or else electrons can be thermally generated, thereby
modifying existing stored data [Ref. 8: p. 313]. Unless
batteries are used to keep the RAM and CCD memories powered
up in a stand-by mode, the data would be lost. The length
of time the stand-by power is required rests on the mission
of the Shuttle and the time it would take to return the
experiment to the NPS. Adding stand-by power adds batteries
and, consequently, adds to the weight and space situation
inside the GAS cannister.

Tape recorders are frequently used because of their

small size, comparatively low cost, and large data storage

13




capability that permits parallel storage of data on several
channeils. The tape, however, can be damaged should it be
stretched or knocked off its tracks during 1launch. Tape
also requires a very thin layer of air between itself and
the recording heads. Finally, the moving parts aid 1in
decreasing the overall reliability.

Magnetic disks and drums pose problems that are similar

to the tape recorder's. Once again moving parts decrease
the reliability. Another limiting factor is the amount of
space available inside the GAS canister. Disks and drums

require a dJgreat deal of space which 1leaves less room for
other essential equipment. ‘

Core memory has been around for many years. It is non-
volatile and reliable, but size and power constraints limit
its use as a piece of space equipment. In a self-contained
experiment such as this one, power 1s critical. It is
desirable to have nominal power consumption. As the amount
of data to be stored increases, so does the power consump-
tion, size, and cost of the core memory-=-to a much larger
degree than with other memories. Should the design of this
recorder be such that all of the MBM cards be turned on at
once, it too would require a great deal of power. However
power switching becomes a viable option when implementing
the recorder with the MBM. Thus, the only active MBM card
needs to be the one currently in use, thereby conserving a
great deal of power.

The preceding discussion of the MBM's ability to with-
stand conditions in space, and the comparison with other
memory devices, helps to show why--in addition to its being
versatile and non-volatile--the MBM is the best device for
the GAS experiment. Even though there is shielding around
the device to protect against radiation, choosing a device
that is inherently unaffected by radiation provides an added
element of reliability. Although the operating temperature

14
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range of the MBM is not as extensive as would be required in
several military applications, it is adequate for the
purposes of the experiment. The MBM is reliable because it
has no mechanical parts that move. The specific device
chosen for the GAS experiment is the Intel Corporation
Magnetic Bubble Memory 7114.
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ITI. MACNETIC BUBBLE DEVELOPMENT

The MBM has been in existence for approximately twenty
- years. After its introduction by Andrew Bobeck=--an employee o
of Bell Labs--many companies became involved in the study !

and manufacture of bubble memory devices. They soon discov-

ool

ered, however, that the MBM required complicated control

circuitry. It was also difficult to interface with existing

f. e

hardware. As a result, the decision to discontinue produc-
tion of the MBM was not long in coming [Ref. 10: pp. 30-32].
The two major manufacturers remaining are Intel Corporation
and Hitachi.

!

A study of the technology used in producing and manipu-

lating "bubbles" is important for a better understanding of

st

the MBM's overall operation and its wuse in the SSDR. This

chapter is devoted to an explanation of this technology,
while Chapter 3 explains how the support chips of the MBM
) function. Before beginning this chapter, however, it is
i important to point out that all figures in this chapter and
- the following chapter fepresent the 1 Mbit bubble device.
The GAS experiment is using the 4 Mbit device. However, the
basic operation is the same. Intel's 4 Mbit device "uses
{f the same architecture as the 1 Mbit device. It has 8 iden-
:k tical sections instead of 4 and each section is enlarged to E
store double the number of bubbles. The result is a four-
fold increase in capacity" [Ref. 9: p. 6-227].
i The bubble chip of Intel Corporation's 7114 MBM begins

with the formation of a nonmagnetic garnet wafer on top of

oy i W e

" which a thin ferromagnetic film is deposited.
Ferromagnetism causes the atoms of a material to align with

parallel magnetic orientations. If the material is thick

AL IR LR

. enough, the orientation of the groups of atoms, or domains

* as they are called, occurs in three dimensions. In the case

16
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of the MBM, however, the film is very thin--in practice less
than 1/1000 inch thick. This thinness restricts the domains
to two directions, one perpendicular to the substrate, the
other parallel. Unless a magnetic field is present, these
domains have a snakelike shape. As a magnetic field perpen-
dicular to the film is applied, the snakelike structures
begin to shrink. The field is then increased to a point

where the domains have a cjlindrical appearance with a

three- micrometer diameter. These domains, when observed
through a microscope, look like a circle or "bubble"--from
which the name Magnetic Bubble Memory is derived (see Figure
3.1). The presence of a bubble is a binary 1; the absence,
a 0 [Ref. 9: p. 6-3].
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Figure 3.1 Magnetic Domains Under Magnetic Bias Field.

The fixed field that maintains the shape and stability
of the bubbles is known as the bias field. This bias field
is produced by two permanent magnets positioned on each side
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of the MBM substrate. They remain unaffected by any type of L
power fluctuation. As a result, the integrity of the data 2
that the bubbles represent is maintained, making the MBM a J
non-volatile memory device [Ref. 9: p. 6-4]. t
The MBM does not operate by moving the recording medium ;
as is the case with the tape in a tape recorder or disks in b8
a disk drive. In the MBM, the data is moved wunder the ry
influence of a rotating magnetic field. The rotating field f
is generated by sending current through two coils which are i
wrapped perpendicular to one another around the substrate. v
Figure 3.2 shows how the different parts are assembled to A
produce the MBM module. N
PERMANENT 5
coi MAGNET
v
o
e
BUBBLE s
PERMANENT s
RAT
MAGNET SUBSTRATE e
Figure 3.2 Magnetic Bubble Unit Assembly. e
9
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-
e
o
18 ,.:;1‘
A
m

ST S IPAT MY S
LIRS




Chi A fafci N AN G e e sl R Al St aS ot gk

RN

There is one more important feature that aids in the
movement of the bubbles from one location to another. In

NS YA S

order to control the direction of movement, a magnetic field

A

' gradient must be present. A magnetic film is deposited on
top of the bubble substrate in the form of a number of

.

paths. These paths have the shape of asymmetrical chevrons. -
Being asymmetrical, one side of the chevron has more energy
than the other. The bubble will propagate toward the

smaller side in the presence of the drive field (see Figure

Ak e g ey ot

3.3). The chevrons, in conjunction with the rotating
magnetic field, provide the capability to move data from one
location to another without moving the medium on which the
' data is stored. [Ref. 9: pp. 6-4 - 6-6].

) The memory itself is designed in a block replicate
architecture. The fundamental idea in this type of design
is that the data is written in or read out in parallel from
an input or output track, see Figure 3.4 (From the figure,
note that there is a difference between the input and output
tracks. The difference will be explained later in this

!

chapter. )
The block-replicate architecture consists of a specified
number of storage loops. An MBM has 320 loops, 48 of which

'l "l' ‘I " l"‘"! ,

are spares. An extra loop, called the bootloop, is used to
keep track of the active loops and the spares. All 320 o
loops are divided into four groups or gquads. This helps to .

shorten the read and write cycle times.

The quads are reduced even further to odd and even
loops. The even loops store the even-numbered bits. 3
Likewise, the odd loops store the odd-numbered bits. When a =
read operation is performed, the bits are interleaved back
into the original order in which they were received and sent
out serially on the output track. A write operation does
not require this interleaving process, for it is a write
operation that initially separates the bits to the odd and
even lcops.

N
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Figqure 3.3 Movement of Bubbles Under Chevrons.

The input and output tracks are serial devices. A
distinction exists between the two tracks because they
perform completely different tasks. The input track
performs a swapping function; the output track performs a
replication function.

To better explain each process, bubble generation must
first be understood. A seed bubble is always present at one
end of the input track and 1is initially generated by an
electric current pulse which splits a hairpin loop of
conductive material. Because of the interaction between the

drive field, bias field, and conductive material (permalloy
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Figure 3.4 Organization of Bubble Memory (One-Half Chip).

patch, see Figure 3.5), this bubble maintains a kidneylike
shape. Once created, it remains in existence for as long as
the bias field does. When a binary 1 is +to be generated,
the seed bubble is split in two by the current pulse. One
of the halves remains under the permalloy patch as the seed;
the other 1is driven to the input track wvia the rotating
field. To store a binary O, the pulse is omitted.

As stated, the input track performs a swapping function.
Once the bubble 1is generated and travels down the input
track to the specific 1loop on which it 1is to be stored,
another current pulse is generated. This pulse causes the
new data to "swap" places with the old data on the storage
loop, and the old data is destroyed.
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Figure 3.5 Seed Bubble and Bubble Generation.

The bubbles are replicated when a read operation is

performed. Each bubble on a storage loop acts essentially
as its own seed bubble. The bubble is transferred under a
large element, where it is stretched out. A current pulse

cuts the bubble in two, leaving one half to remain in memory

and the other half to be read as output. These new bubbles
travel down the output track serially through a bubble
detector. Detection is accomplished by passing the bubble
under a "bridge" of magnetoresistive material. When a
bubble passes under the bridge, the resistance changes and
slightly modulates the current through the bridge. This
fluctuation is then translated to a one or a zero. After

detection, the output bubbles are destroyed (see Figure 3.6)
[Ref. 9: pp. 6-7 - 6-10].
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As can be seen, an intricate design is wused in the
making of a magnetic memory module. Additionally, the MBM
is never "spoken to" directly by the microprocessor. A
group of support chips is used for communication between the
two, and this is the topic of discussion in Chapter 3.

TN P WL Vi
,Zg‘\\\;ﬁ\\%‘l °°°©g&g\\

sviap REPL!ICATE

N
y GATE (A) GATE (B)

Figure 3.6 Swapping and Replication Configuration.
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IV. FUNCTION OF SUPPORT CIRCUITRY

A difficult obstacle to overcome in the introduction of
the MBM into the commercial market was interfacing it with
existing hardware. Initially, the support chips required by
the MBM were purchased separately. In the past few years,
however, Intel has introduced a package consisting of the
MBM and its requisite support chips. These chips are:

1. 7244 Formatter/Sense Amplifier (FSAj,
2 7234 Current Pulse Generator (CPG),
3. 7250 Coil Predriver (CPD),

4 7224 MBM Controller (BMC).

The BMC, in conjunction with the FSA, CPG, and CPD,
carry out all communication with the MBM. Figure 4.1 shows
how the chips interface with one another.

The FSA 1is a dual formatter/sense amplifier that

contains on-chip sense amplifiers, a full FIFO data block
buffer, and error-detection and correction circuits. As
explained in Chapter 2, the bubbles are sent under a magne-
toresistive bridge during a read operation. If a bubble is
detected, the resistance of the bridge changes. This is the

signal that a bubble or a one is present. The sense ampli-

fiers in the FSA perform a sample~and-hold function on this

input signal thereby, producing a digital one or zero.

As explained in Chapter 2, each MBM has an extra loop that
is known as the bootloop. This extra loop contains the
information pertaining to all the active and inactive loops

in the bubble module. When the FSA receives an incoming

The FSA then formats the data in the following manner. N

3

\y.....
e~ RERR
NN e

data bit, it confirms that it is from an active loop within

the

is from an active loop, it is stored in the FIFO buffer. If

it is from an inactive loop, it is ignored. The FIFO in the

MBM by referring to the bootloop register. If the bit

¢
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Fiqure 4.1 System Block Diagram.
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[ I

FSA is a serial, first-in-first-out buffer that can hold 256
bits of data (272 without error correction). The data 1is
then sent to the BMC. In the write operation, the FSA
enables the current pulses of the CPG that cause the bubbles
to be generated.

Various current pulses are used to generate a bubble as
well as to replicate one. The CPG performs this function.
The CPG also converts digital timing signals to analog
current pulses suited to drive the MBM.

The CPD, along with the two drive transistors (see
Figure 4.1), supply the drive currents for the rotating
magnetic field. Four signals (positive and negative X and Y
waveforms) are sent to the CPD from the MBM Controller. The

appropriate durations and phas:¢s must be maintained in order
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to control the rotating field that moves the bubbles (see :
Figure 4.2) [Ref. 9: pp. 6-11 - 6-12]. o
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Figure 4.2 CPD Logic Diagram.

The heart of the system is the MBM Controller (BMC). It
is the interface between the memory module and 1its host.
The Controller provides all required timing signals. It
converts the serial data from the FSA FIFO to parallel data
and, conversely, changes parallel data to serial. Figure ﬁﬁ
4.3 shows the ten functional blocks of the Controller. A ;ﬁ
brief discussion is given for each of these functional
blocks. The reader 1is referred to [Ref. 9] for a more
detailed account.

The Power Fail and Reset (Block 1) 1is self-explanatory.
When activated, the Controller resets the bubble system in
an orderly manner.

- e e
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Figure 4.3 Ten Functional Blocks of the Controller.

DET. ON,
A step-by-step procedure must be

The Sequencer (Block 2)
and ERR.FLG commands.
followed by the BMC when one of these commands
Within the internal ROM that
pre-programmed instructions implement the
and decoded, the

instructions pertaining to that

encompasses the WAIT,

is given.
Sequencer is an contains the
used to various

commands. Once a command is given
Sequencer steps through the
command [Ref. 11: p. 21].
The System Bus (Block 3)
the host.

are sent wvia these lines. In

interfaces the Controller with
and data
order to know what type of
the Controller's
must be supplied with specific information (Block 9)

Commands, status information, address,

function it is to perform, register file

before

any type of data transfer can take place. The transfer of
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this information is done on the 8-bit data bus with bit four
set to zero. Figure 4.4 lists the six registers that must
be addressed. The 4 Mbit Controller, 7224, does not make
use of the Utility Register (UR). The Block Length Register
(BLR)determines the system page size and the number of pages
to be transferred. The Address Register (AR) defines the
page on which the transfer of data is to start. The Enable
Register (ER) defines the modes under which the transfer -
will take place, i.e., interrupt, polled, or DMA. In Figure e
4.5, note the BLR and AR require two eight-bit codes, one
pertaining to the most significant bits, the other to the
least significant bits. Eleven of the bits available in the
BLR hold the value for the number of pages to be transferred
and provide the user with the possibility of transferring
from 1 to 2048 pages. If more than one MBM is connected in
parallel, the width of a page can be increased, 1i.e., 64,
128, 256, 512, etc. The four most significant bit positions
hold this information. The four most significant bits of .
the AR are wused in conjunction with the BLR to control the

serial selection of bubble memories or a group of memories.

(]
.

The remaining eleven define on which page the transfer is to
start [{Ref. 7: pp. 7-10]. )

When data bit four is a one, the information is decoded

PR 2 T S
f f
. R

as a command. There are sixteen commands used by the BMC,
(See Figure 4.6) The four most common commands are ABORT,
INITIALIZE, READ BUBBLE DATA, and WRITE BUBBLE DATA. Those
commands pertaining to the bootloop are used only for diag-
nostic purposes. The remaining commands provide other ii
options available to the user and are described in [Ref. 9].

Information about data manipulation, such as page size,
mode of operation, pages being transferred, etc., 1is stored
in the parametric registers. The A0 line 1is held high
during the programming of these registers. Once all of the
required information has been passed, the A0 line goes low ' -
and the BMC is ready to transfer data.
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Register Name o, 0, D, D, D, D, D, D, F:;:.?./
Utiity Register 0 0 0 0 1 0 1 0 R/W
Block Length

Register (LSB) 0 0 0 0 1 0 1 1 w
Block Length

Regqister (MSB) 0 0 0 0 1 1 0 0 w
Enable Register 0 0 0 0 1 1 0 1 w
Address Register

(LSB) 0 0 0 0 1 1 1 0 R/W
Address Register

(MSB) o 0 o 0 1 1 1 1 R/W
7220 FIFO 0 0 0 0 0 0 0 0 R/w

NOTES:
“With BMC A0 signal =1

Figure 4.4 Six Parametric Registers.

Block 4, FSA Select Logic, c¢ontains the logic that
controls all communication between the BMC and the ESA. As
mentioned, the serial FIFO of the FSA receives information
from and sends information to the FIFO of the BMC. The
timing of this transfer is an important factor and is
controlled internally by the FSA Logic Block.

The FIFO (Block 5) has the important function of
settling timing differences between both the host interface
and the BMC and between the FSA and the BMC. The FIFO is
dual ported, i.e., it can be written into and read from
simultaneously. The maximum amount of information it can
hold at any one time is 40 bytes. While the BMC 1is
eXxecuting a command, it functions as a data buffer.
However, when the BMC has completed transfer of all
commands, the FIFO performs as a general-purpose FIFO. As
shown in Figqure 4.4, the FIFO is automatically addressed
after the last of the six parametric registers has been
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BLOCK LENGTH REGISTER M58 BLOCK LENGTH REGISTER LSB

Clelsfefolef o] [fe]slefo]elle]

.

mp—

NUMBER OF FSA NUMBER OF PAGES TO BE TRANSFERRED
CHANNELS (NFC)

ADDRESS REGISTER MSB ADORESS REGISTER LS8
Ol Te] Llelstefsge] lo]
x

- —
T A

MBM SELECT STAATING ADDRESS WITHIN EACH MBM

Figure 4.5 Parametric Register Organization.

written to, thereby signalling that the BMC is ready for a
data transfer.
Block 6 1is concerned with the type of transfer to be

used in recording data. The MBM can operate under three
different modes:

1. Polled,
2. Interrupt driven,
3. Direct Memory Access (DMA).

Polled Transfer is the easiest mode to implement with
the MBEM. It is, however, the most time consuming in rela-
tion to microprocessor overhead. Interrupt driven transfer
requires less microprocessor overhead. This mode also
permits transfer of data in blocks of information. The DMA
mode is the one that will be used in the NPS GAS experiment.
There is no microprocessor overhead in a DMA transfer, and

it is the fastest mode in transferring data to the MBM. The
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Four-8it Command Code
Command )
D3 D2 01 0o >
v ~
Dy
0 0 0 0 Write Bootioop Reqister Masked >
0 0 0 1 Intialize :
0 0 1 0 Read Bubbie Data
0 0 1 1 Write Bubble Data
0 1 0 0 Read Seex o
; 0 1 0 1 Reaa Bootloop Register e
) 0 1 1 0 Write Boctiocp Register .
. 0 1 1 1 Write Bootioop g
1 0 0 0 Read FSA Status
1 0 0 1 Aport
1 0 1 0 Write Seek
1 0 1 1 Read Bootloop
1 1 0 0 Reaa Correctea Data
1 1 0 1 Reset FiFO o
1 1 1 0 MBM Purge
1 1 1 1 Sottware Reset .
"
Figure 4.6 Commands Used by Bubble Memory Controller. S
BMC operates 'in a standard two-way handshake protocol, b
. . utilizing the DRQ and DACK 1lines found in Block 6 (see
. Figure 4. 3).
The Bubble Signal Decoder (Block 7) contains all the
logic needed for generating all MBM timing signals. It is
comprised of a three-stage counter, a decoder, and synchro- o
nous latches. The first stage of the counter is a divide- f
by-four counter. The second stage, a divide-by-twenty i
counter, produces the field rotation frequency. For '
example, since BMC requires a 4 MHz clock, the output of the
first stage 1is at 1 MHz, while the output of the second
stage is at a 50 KkHz rate. Any of the clock edges that
occur during one complete cycle can be used to set and reset
MBM signal latches. The TM.A and TM.B latches ¢o to the CPG o
. and determine the pulse widths for the generation and repli- =
cation of bubbles. -
.
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Block 8, MBM Addressing Logic and RAM, contains two more
user-accessible registers, an adder, and the MBM address
RAM. This RAM stores the next-available 1logical page
address for each MBM.

Finally, the DI/O Bootloop Decoder/Encoder (Block 10)
performs parallel =-to-serial and serial=-to =-parallel conver-
sions between the FIFO data and the serial bit stream on the
DI/O line. The BUSRD signal, also generated here, 1is a
signal used to indicate the direction of the data transfer.
The third function of this block contains the circuitry that
decodes the bootloop data during a READ BOOTLOOP operation
and encodes it during a WRITE BOOTLOOP operation [Ref. 11:
pp. 20-21].

As is apparent, interfacing the MBM module to its host
is an involved task. Timing 1is of great importance.
Generation of pulses and rotating current fields must be
accomplished. And, finally, <circuitry is needed to trans-
form digital data to magnetic, and vice versa. The current
state of the art in bubble memories solves most of these
problems for the user. The greatest obstacle is found in

producing correctly coded software.
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V. DESIGN OF THE SSDR

Before attempting to design the solid state data
recorder for the NPS experiment, a prototype was built using
the 1 Mbit MBM device. This made it possible to become
familiar with both the hardware and the software of the MBI.
The main goal was to prove the concept that the MBM could be
used as a viable recording medium. The first section of
this chapter briefly describes the design and programming of
the 1 Mbit device as a mini recorder. The second section
describes the 12 Mbyte data recorder used in the GAS experi-
ment. The third section addresses the limitation and

possible alternatives to this design.

A. PROTOTYPE
Before incorporating an MBM into a system it is neces-

sary to choose the mode of operation, (i.e., Polled,
Interrupt driven, or Direct Memory Access), the level of
complexity, and flexibility required for the software
drivers.

Since the prototype's function was to sample a sine wave
of 1000 Hz frequency or less from only one channel, the
Polled Mode (PM) was chosen. Sampling at the Nyquist
frequency and using only one channel, provided ample time to
perform all the operations needed when using the MBM.
(Note: By increasing any part of the system, i.e., bubble
memories, channels, etc., a faster mode would have tc be
chosen, which would result in improved performance. )

The complexity of the software was kept to & minimum,
therefore flexibility was restricted. The reasons for
designing a prototype were threefold:

l. gain familiarity with the MBM and its compontents,

2. prove it could record and play back accurately,
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! 3. increase the design to the size required for the GAS
{ experiment.

The basic operation for the 1 Mbit device 1is to sample
the waveform through an analog-to-digital converter (A/D),

INAVAAN

store the data in the MBM, upon command, play back recorded
waveforms through a digital-to-analog converter (D/A). The

major components used to perform the three operations are 4
the Analog Devices' A-D 570, Intel's 1 Mbit 7110 MBM, and
National Semiconductor's DACO800 D-A. -

A dual trace oscilloscope was used to compare the accu-

P ———
o -
A

_—

racy of the recorded waveform +to that of the one being .
played back from the memory. A signal generator provided -
the signal. .

In the Polled Mode, blocks of data can be transferred
into the MBM as long as the parametric registers in the BMC
have been programmed accordingly. The DRQ line from the BMC
signaled the microprocessor that the MBM was ready for a
data transfer.

As explained in Chapter 4, the MBM 1is written to in
pages, each page containing 64 bytes (68 bytes without error
checking). The total amount of pages recorded at one time -
is established under software control. The initial draft of ;?
this software transferred one page at a time. Two temporary e

storage areas, each 64 bytes in size, were reserved in RAM.

As one area was filling with data samples, the other area :{
was being sent to the bubble. Timing was found to be E
extremely critical. After the recorder worked successfully ;j
for one page, the number of pages was increased until the _

record process failed. The maximum number of pages success-
fully transferred was found to be 270 at a sampling rate of R
2 kHz.

Power failure 1is a concern in any syster. design.
Writing the software so that data transfers of one-page are
performed, ensures that the minimum amount of data will be
lost. Whatever has been stored in the MBM will remain




.....

intact, but whatever has been stored in RAM will be lost.
As a consequence, storing a greater number of pages in RAM
results in a greater data loss.

Recalling that communication is not carried out directly
with the MBM, interfacing it with the host microprocessor,
requires that specific procedures be- followed before any
data transfer can take place. In order for the BMC to
prepare itself for any further instructions, it must receive
an ABORT command, followed by an INITIALIZE (INIT) command.
Once these commands are accomplished, the BMC's parametric
registers are loaded in preparation for the wupcoming data
transfer. The eight-bit command/status port can be polled
to determine whether a successful operation has been
performed. If the operation has failed, <the OP-FAIL bit
will be set; if it has succeded, the OP-COMPLETE bit is set.

Initializing the BMC before writing the parametric

registers sets the BMC to a known state. This command
results in resetting the support components, placing the
bubble at page zero, and enabling the error correction. If

the start of a record process is designed to start at a page
other than page zero, then the desired page address must be
reflected in the information supplied to the address
register of the parametric registers. The block 1length
register must be programmed with the number of channels to
be used and the number of pages to be transferred.

The software program of the prototype made available to
the user a menu which displayed a number of options to
choose from. These options included:

1. Setting the sample rate,
Sampling without recording,
Record,

Playback,
Initialize the bubble.

Vo W
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Upon selection of an option, the program immediately
executed it. Option 5 had to always be performed first.
Additionally, the same sample rate chosen for RECORD had to
be used for PLAYBACK. Option 2 was used primarily to estab-
lish the successful operation of the A/D and D/A.

Tests were performed on the 1 Mbit device. These tests
included turning off power, changing the fregquency of the
sampled waveform while recording, changing the waveform
itself while recording, and attaching a microphone/speaker
arrangement in order to record a signal other than a pure
sine wave, In all cases, the MBM performed successfully.
It did not lose data when power was removed. It followed
the changes in frequency and waveform with only a small
phase shift due to the time delay. There was, however,
distortion in the sound recording. This was due in part to
the low sample rate and to the guality of the microphone and

speaker being used.

B. SOLID STATE DATA RECORDER ( SSDR)
The final design of the SSDR has the capability to store
twelve mega-bytes (twenty-four four-megabit prototype IN2BM

cards) of data. The 8085 microprocessor is at the heart of
the system. A basic block diagram--a "generic" data
recorder~-can be found in Figure 5.1. Subsection 1

describes the SSDR as a general purpose data recorder.
Subsection 2 describes how this general purpose recorder was
adapted to the NPS GAS experiment.

As in the prototype model, the desired information is
sampled by the A/D device. The digitized information is
then temporarily transferred to a RAM buffer. Upon request,
the DMA will gain control of the bus and perform the data
transfer from the buffer to the MBM where it will be stored.
The ideal data transfer rate of the four-megabit (4 Mbit)
MBM is 25 Kbytes/sec [Ref. 7: pp. 3-4]. Due to an internal

delay known as T-SEEK, the maximum obtainable data transfer
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Figure 5.1 Generic Data Recorder.

rate varies. . T~-SEEK is defined as the amount of time
between the issuing of the READ (or WRITE) command to the
MBM and the MBM locating the page to be read (or written).
T-SEEK can range in values from 20 microseconds to 163,820
microseconds with an average of 81,920 microseconds.

By disguising T-SEEK so that tF: SSDR does not "feel"
its effect, i.e., have an inherent delay everytime a READ or
a WRITE occurs, and by using a buffer 32 Kbytes in size, the
data transfer rate of 17 Kbytes/sec is obtained. T-SEEK 1is
disguised by using a hardware comparator. Calculations were
perf-rmed to find at what RAM buffer location a WRITE
command needed to be issued, so that, by the time a full
storage area of the buffer was filled, the MBM would be
ready for the data transfer. A comparator was then
connected having the same address as that 1location. Upon

addressing this location, the comparator generates the
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appropriate interrupt, signaling the 8085 to issue the WRITE
command ( see Figure 5.2). I£f it were feasible to increase
the buffer to store a full 4 Mbits of data, and by the addi-
tional elimination of T-SEEK, the ideal data transfer rate
of 25 Kbytes/sec could be achieved.

same
agarens 1nterrupt
I RAM
8285
comparator
15Ameac
{
Figure 5.2 Implementation of Hardware Comparator.
i. General Furpose SSDR
Tlie SSDR has the following characteristics. The
sarp.e rate is fixed at 2.5 KHz. As a result, (and due to

;e T-ZZEF buffer limitations) the maximum obtainable data
rave fzr one eight-bit channel is 17 Kbytes/sec.

The MBMs are adaptable to a power switching configu-
rat.:on, therefore the active MBM card need »nly be the one
ceing written to or read from. Power consumption is kept to
a minimum by the use of a custom designed power switching

card, the "ECARD," (see Appendix A.) Thus, power is 15

Wiatts total for this design. The maximum storage capacity
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is 12 Mbytes. Baseline record time (i.el one channel, 8-bit
resolution) is 83.9 minutes continuous recording.
2. Adaptation of the SSDR to the NPS GAS Experiment

The following 1s a description of how the general
purpose SSDR 1is configured to fulfill the requirements of
the NPS experiment for Shuttle.

Six eight-bit channels are required to obtain all
the data. An in-depth study was performed by students
working on the acoustic section of the experiment to best
determine how to implement these channels and 1is not
discussed in this thesis. The results are that three micro-
phones and two accelerometers are connected to five A/D's.
The A/D's have up to sixteen data lines from which to obtain
information. Since the SSDR has only eight-bit resolution,
the acoustic group also determined which of the sixteen
lines would be connected to each eight-bit channel. The
A/D's are then strobed synchronously to prevent any time
delays encountered when analyzing the data. Once strobed,
the channels are read using time division multiplexing
(TDM), always reading the channels in numerical order, ( see
Figure 5. 3). The maximum obtainable data rate at 2.5 KHz
for the six channels is 15 Kbytes/sec.

The full 12 Mbytes of storage will be utilized. The
organization of the memory is accomplished in the following
manner under software control. (Appendix B provides the
software code used to run the SSDR.) Three record options
are available to chose from and they are SWEEP, SCROLL, and
LAUNCH. SWEEP is to be performed prior to launch. A tone
will be generated by a voltage controlled oscillator (VCO)
starting at 25 Hz and stepping up to 1000 Hz at 1 Hz inter-
vals. This will be done in order to excite and record the
fundamental acoustic modes in the STS cargo bay. Seventeen
of the twenty-four MBM cards are required to store this data
and will take 16.5 minutes. The recorder will then go into

a standby mode awaiting its next command.
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Figure 5.3 Basic Channel Configuration.

SCROLL, the next record option, will be initiated by
the powering up of the Auxiliary Power Unit (APU) on the
Shuttle. This initiation process is done by the use of a
matched filter and is the topic of a thesis written by LT D.
W. Jordan, USN, titled A Matched Filter Algorithm for
Acoustjc Signal Detection. During SCROLL, two MBM cards

will be continuously recorded on until launch. This option

provides the capability to capture the very important infor-
mation otherwise lost should the record process be initiated
by a detection of the launch itself.
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Once launch is detected, however, the recorder will
transition immediately to the first of the remaining six MBM
cards and record the information to be obtained before the
Shuttle leaves the earth's atmosphere. At this point, the
job of the data recorder is complete and it will be shut
down, retaining the data for analysis when it returns to
NPS. The total record time for the SSDR is 21 minutes. It
should be noted, however, these options do not have to
follow consecutively, i.e. should the matched filter not
function properly and a launch 1is detected, the data
recorder will jump to the specified MBM card and record the
remainder of the launch. The determination of a launch is
not done by the SSDR and is not a topic discussed in this
thesis. For more information concerning the control of the
experiment as a whole, the reader is referred to a thesis
written by Lt J. . W. Wallin, USN titled Microprocessor
Controller with Nonvolatile Memory Implementation.

3. Limitations and Alternative
Some of the limitations of this design are a result

of the prototype MBM card used in the experiment. For
example, the 43 byte FIFO in the BMC limits the data
transfer rate. One reason the FIFO exists is to smooth out
timing differences between the host and the MBM. Only

having 43 bytes for the buffer has proved to be inadequate.
INTEL has since built the 4 Mbit device with a 128 byte
FIFO.
The performance of a particular bubble memory device
ultimately is a function of three factors,
1. the number of storage loops,

2. Ehe number of stoarge locations on those storage
oops,

3. the frequency of the rotating magnetic field (coil
frequency).

The throughput, which is number of bytes/sec, is directly

proportional to the number of storage loops and the coil
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¢ frequency. The time to find a particular page of data
j (T-SEEK) 1is directly proportional to the number of storage
N locations and inversely proportional to the coil freguency.
’ Power 1s directly proportional to the coil frequency.
Zﬁ Increasing or decreasing any of the three changes the
i performance and trade-offs must be made.

o The 8085 microprocessor is an 8-bit device.

Designing the SSDR to perform with a 16-bit device or a

o

32-bit device, would enhance the resolution and provide for
iy data throughput of up to 272,000 Mbytes/second. For more
information on a 32-bit design, the reader is referred to Lt

2

‘.:‘1 L

H

J. Frey's thesis, A 32-bit Microprocessor Based Solid

State Data Recorder for Space=-based Applications.
The SSDR is limited to 12 Mbytes of storage. This

is partly due to size, weight, and power constraints of the

GAS container. It is also limited to this size because of
the use of the prototype MBM card. Using "off the shelf"
components benefitted the GAS experiment as far as time and
money was concerned, however, flexibility was affected.

An alternative, not only for the MBM card but for

g the SSDR as a whole, would be to custom design a card
Ef enabling the BMC to control more than one MBM. The BMC can
: control up to eight MBMs at one time [Ref. 9]. For further

information the reader is referred to Lt. B. A. Campbell's

- thesis, A Digital Recording System for Space-based
¥ Applications Utilizing Four-megabit Magnetic Bubble
s Memories.

The NPS GAS experiment is scheduled to fly in 1986.
Analysis of the data and performance of the SSDR is another
phase of the experiment as a whole. The scope of this
thesis concentrates solely on the MBM and its implementation
= into a data recorder. Because of the MBM's inherent hard-
;; ness to radiation, ruggedness and reliability, its future
- use in space-related or space-born systems should not be
: underestimated.

42

LSS
NINY  DOARIINENI N




a B
- - St Il S RS N A A TS M il fat
SR A G BN BRI R

APPENDIX A&
SCHEMATIC OF THE SOLID STATE RECORDER
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APPENDIX B
SOFTWARE CODE

EXTRN INBEOEL,RDEUEL,WBECBL,BICTMP

ENTRY BUBNUM,RDDTMP ,4RCTMP ,ADSTMP , #RCTMP
CSEG

SOLID STATE DATA RECORDER PROGRAM .~
FCR 4-MEGAPIT BUBELE EMCRY BCARD

.o we ws we

STACK QU 2 7STACE POINTER LCCATION

H

TPPICS EQU 128 fTIMER CONTROL/STATUS PORT Rk
TFFIPA EQU 118 $SUBBLE PO<ER PORT 82:% T
TPPIPB EQU 128 ;EUEBLE SELECT PORT 82¢5 T
TPPIFC EQU 138 iNCT USLD R
TLSE EQU 148 $TIMER LEAST SIG. BYTE 815%

T¢SRIM  ECU 18 yTIMER MCST SIG. BYTE g158

H

PPIPA EQU 208 ;PXOGRAMABLE FPERIPHIRAL THTERFACE PCHT A

PPIPE 30 218 sEROGRAMARLE FERIPAERAL IHTERFACE PCRT P

PPIPC EQU 228 ;PROGRAMABLE PERIPEYRAL INTERFACE PCRT C

PPICS EQU 238 ; PRCGRAMABLE FERIPEERAL INTERFACE STATUS

;

COMNDATA EQU g8 JCCNSCLE DATA

CCNSTAT EQU 313 ;CONSCLE STATUS

H

ATCD EOU | u#CeeeE 7ANALCG TO DIGITAL ALIFESS

DTICA EQU 2C001E sCIGITAL TO ANALQOG ATLILERESS

;

CR FCU ¢vTH sCARRIAGE RETURN

LF EQU QA sLINE FEEL

BS ECU geg 1 TACK SFACE

H

TXCNT ECU 1203 i NUMBER OF BLOCK TRANSFEFS

'

FAGE® ECU YEeReCH yRAM AREA @ (2% X 64 EYTES)

PAGE1 EQU oLie@od ;RAM AREA 1 (2K X 64 EYTLES)

L4
iTABLEY CF REIATIVF ADDRESSES CF VARIABLES AND JUMP VECTORS

RAM EQU OFCROE yBEGINNING ADDRESS OF RAM )
RAMTABL EQU RAM yBEEGINNING OF EaM TABLE -
ATODTMP EQU RAMTABL+143E 74 TO D TEMPORSAY STORAGE ADDRESS
CTCATME ECU ATCDTMP+2 +D TC A TEMPOKARY STOFAGE ALDRESS
COUNT QU CTCATME»2 i# CF 34 BYTE PAGES TRANSFERED AS A BLOCK
BUENUM  EQU CCUNT+2 CURRENT BUBBLE EEING USED STCRED HERE R
RLIT¢E  ECUO BUBNOM+2 yJUMP VECTCAR CMT TO READ CURRENT 3UBRLE "
YRITMP  EQU RILT™MP+2 iJP VECTOR CML TO WRITE TO CURRENT BUEBLF g
RUSTMP  EQU *RDTMP I 7JP VECTCR CML TO READ STATUS CURSENT ZUEERLE )
WRCTMP  EQU RISTMP+3 iJP VECTOR CML TO WRITE COMMAND BUBBLE REG
INTVEC EQU WRCTMP +3 +7.5 INTERRUFT VECTOR CMC
RAMAIL ECU INTVEC+2 sCURRENT RAM ADLRESS TC READ CR WRITE FRCM

53

LIPS I S T e
P SR A AL T Py

-

. .’._"._’



e s v a4 s u A M

FAGFUI ECQU RAMALD-+2 yFLAG BYTE FCR FAGE TITHIR EYFTY CR FULL
LEINTM  ECQU PAGFUL+1 fFLAG BYTE FQOR LEL EITEE® OM COR OFF

TMANUM  EQU LEINUM+1 s CURRENT SULBLE L[MA IS WCRKING w/ STCPRT EER:
DOCHK ECU CMANCM+1 yINT VECTOR BUEZLE SERVICE RCUTINF

BUECART ECQU DOCIK+1 yMAX # OF EUB CARS AVAILAELE TQ SYST:M

*
ySCFTWARE INTERRUPTS

éOCT: JMP EYSTIM iJGMP TO START CF PROGEAM

RSTRTI1: gaP ENEUBL 7JUMP TO INITIALIZE EUEZILE
RSTRTI2: giP EDEUEL ;JUMP TO READ EUBELE

RSTRT3: gi? EBBUBL ;JUMP TO WRITE BUSBLE

RSTRT4: gSP 505 iJUMF TO DATA ERROR TEST

PWFAIL: SEP ECTRAP 7»JUMP TO POWER FAILURE RCUTINE
RSTRTS: gi? 305 yJUMP TO TATA ERROR TEST
HSTRTEE:?gP %0155 ;JUMP TC EXTERNAL TRIGGER RCUTINE
RSTRIE: EE? %Cﬁ ;JUMP TO CLEAR RAM EUFFER

i
i INTERRUPT 6.5 INITIATES THE SERVICE ROUTINE wHICH CEBECKS TEE CURRENT
sBUEBLE FOR AN ERRCR INTERRUPT OR QF-COMPLETE

t
RSTRTSE:FCP B ;SAVE REGISTER E-C

JMP DCOCEK yJUMP TO CHK 5UBBLE INTERRUPT OR OP-COMPLITE
RSTRT?: JMP Lo% yJUMP TO 7.5 SERVICE HCUTINE

LS 1

’
JINTERRUPT 7.2 INITIATES TEE ANALOG TC DIGITAL OR DIGITAL TO ANALOG
3 SERVICE ROUTINE WBICE EITHER SEADS CR RECEIVES A EYTE FhOM TEE RAM

'
RSTRT7E:JMP INTVEC yJUMP TO SERVICE RCUTINE
’
’
SYSTEM: 7START OF THIS PROGRAM
Ll
LII SP,STACK
MYI A,S

CALL DELAY
CALL INITEW
IXI D,MENU
CALL PRINT

1

$TEIS ROQUTINE INPUTS A CHARACTER FROM THE CONSOLE ANL ECHQES IT BACX TO THE
yCCNSCLE. IT DETERMINES wHAT FUACTICMN IS TO EXI PERZCAMED BY PCINTING TRE

s PEOGRA» COUNTER TO TEE PROPER JUMP STATEMENT LOCATFL AT THE SYSTEM TABLE

7 (SYSTEL}). THE PROGRAM UNTFR NORMAL OPERATION RETURNS TO THIS ROUTINE.

S
“eme v

S

&

P
)

-
Lt

WA A

{

3,38 ,,0,0,




3
AR o

v
AGAIN: >
LXt SP,STACK >
CALL CONIN .
MoV C,A
CALL CONOUT
FCY A,C
CPI ‘g’ oJ
. M ERROR by
; CPI - :
Jp ERROR =
sul ‘e’ o
MOV C.A >
ADD A 1
ALD c
¥OV C,A ~
. XRA A
. MOV B.A
. 111 H,SYSTBL .
. DAL B .
. PCHL .
’ -
1 ;SYSTRL IS TBE BASE ADCRESS FCR TEE JUMP ROGTINES. JUMPS ARE SELECTED 2Y 1EE =
;AGAIN RCUTINE USING SYSTBL. .
; .
SYSTEL: ; INDEX ACDRESS BY 23-7 -
JMP SYSTEM -
Jrve DC1 N
JMP Loz |
JMP T03 -
g Jre DC4
Jrp DOS
- JMP DOE .
g Jro DO7 R
- 4 -
. ;TEIS ROUTINE IS USEL IN THE EVENT THE OPERATOR ENTERS AN INVALID -
. ;CEARACTER AT THE CONSOLE. -
- N .~
ERROE:
LXI D,¥SG1 .
A CALL PRINT -
- LIl D,MENU -
- CALL PRINT -
JMP AGAIN .

START OF SYSTEM ROOTINES -

. JEACB FECUOTINE CORRESPONDS TO THE NOUMEER SELECTEL IN THE MENU. EACH MAIN T
- i ROUTINE IS NAMED IN TEE FOLLCWING FORMAT DO ’#°, WHEERE “#° IS THE NUMBER ‘3

- ;SELECTEL ON THE MENU. ALL SUPPCRT RCUTINES TO TEE MAIN ROUTINZ JILL 2K P
N $CESIGNATEL 3Y DO‘#°(ID), WHERE ID IS THE SPECIFIC SUPEQET RCUTINE "
N iCESIGNATOR.

H
DO1:




LXI D.,MSG2
CALL FRINT
CALL CONIN
MOV C,A
CALL CCACUT
MoV A,C
CFI ‘2’

Jv F5E1
CPI ‘4°

JP ERR1
SUI ‘e’
MOV C,A
ADD

ALD

MCY ’

IRA

b0l oA
Ixr - ,LO1TBL
DAD .

ECEL

i

s LO1T2L IS TEY BASE ALTLRESS FOR TEE JUMP ROUTINE THAT SETS SPECIFIC
iSAMPLING RATES., A SPECIFIC JUME IS SELECTED BY THE DO1 ROUTINE
yUSING LCITBL AS THE BASF ALLRESS.

4

TO1ITEL:
JMP rcie
JMP po11l
JMP Lo1z
JMP D013

?

sLCie¢, DC11, [Ol2, TO13, ARE THE SPECIFIC RCUTINES SELECTED BY TEE DOITEL
7JUMPS. ONLY ONE IS INVOKXED AT ANY ONE RUN. TEE HL FEG PR IS LCADED
7WITE THE NUMEBEER CF CLOCK CYCLES BETWEEN SAMPLES. TEIS PROGRAM IS SET
+TC RON WITH A CLCCK HRATE OF 4MBz.

?
L01@:
: X1 8,020
JMP DONEL
Lo11:

X1 d,420¢

JMFE DONE1
LC12:

LXI B,15¢ee

™ DONE1
Lc1Z:

IXI E,E2¢

JiMp DONEL

’

yCCNE1 LCADS THE QUTPUT ATDRESS CF TEE D TO A INTC LTCA AND OUTPUTS TEE
fNOMEEE CF CLCCK CYCLES BETWREN SAMPLES INTO TS5E COMMAND PEGISTER OF TZF
78158, IT WILL START IMMELIATEDLY AFTER LOADING. AT TERMINAL CCUNT 1IT
iwILL SEND THE NECEKSSARY INTERRUFT FUISE TO TEEI 7.5 INTERRUFT OF THE
18e8¢<.

1
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CONEL:

< !
: MV A,E@H

o STA DTCA
MCY a,l
oUT TLS3

< vy ALE

- OF1 ¢ces

. oUT TMS3TM

s MYI A,2COH

. ouT "TPPICS

X Il D MENU

1 CALL PRINT
JMP AGAIN

P
. v

- we ey

PRINTS TO TEE CONSOLE WHEN AN UNAUTECRIZED CEARACTER IS RECEIVED
EAT ENTRY, TRY AGAIN!

P

?
. FRE1:
. IYI L,¥SG1
Y CALL PRINT
Mg L1

b

iy TEE SECOND MAIN RCUTINE INITIALIZES 4 BUBBLx. THE SFECIFIC BUEBLZ IS

. ;SELECTED BY TEE USER AT TEE CONSCLE. IT RETURNS TO TZE CONSCLE WITE AN
. 7 CPERATICN CCMPIETE OR INCOMELITE. IN INCOMPLETE IT WILL ALSC GIVE
» 7 TEE RESULTS CF TEE BUEBLF STATUS REGISTER. TEIS ROUTINE USED BASICALLY
- i TFE SAMF RCUTINE TC INPUT TAT4 FRCM TEE CONSOLY A4S LCCES ROUTINE DO1.

L
Icz:

rI

X1 L,¥S5G5
CALL FRINT
CALL TCNIN

T wry C,A

- CALL CONOUT

: v CY 4,c
CrIl ‘e’

o M ERR2

a crl -

. JE FRR2

. SUI ‘@

- ~CY C,A

- ATL A

g ATD c
MOV C,A
XEA A

. “cy B,A

- IXI E,LC2TBL

. TAD ]

» ECEI

i 1

2 ;DC2TRL IS THE BASE ADLRESS FCR TEE JUMP ROUTINES THAT INITIALIZE A SPECIFIC

sEUBELE. THE SPECIFIC JUMP IS SELECTIED BY THE DO2 ROUTINE USING DO2TBL
; +AS THE BASF ALDRESS. TEIS PROGHAM IS CAPABLE OF SELECTING 1 OF & SPECIFIC




JELERLES. FCF TEF SPACF SEUTTLE DAT2 3ECORDIFR TEIS WILL EX ENBANCED I¢
3SELZCT 1 CF 24 SPECIFIC RU3LES.

y

LCZTRL:
J¥P Doze
JMF dcal
JMP rozz
J¥P De23
JMP DOz4
JMP DG2<

TEIS RCUTINE TURNS OFF THE POWEER LIGET (IED TO A SPECIFIC BUBBLE

EF ws we s

C2D:
LX1 H,20E
SELD BUENTM
MYI A,2¢8
oUT PPIPA
Jvp COMNE21

y
» INITTALIZATICN RCUTINE FCR BUBBLE #1
;

roz1:
LXI 3,008
MY T A,218
JMP CONE2
H
JINITIALIZATICN ROUTINE FOR BURBLE #2
H
rcz2:
LX1 B,21F
MYVl A ,2ZH
JM¥P DONE2
i
y INITIALIZATICN ROUTINE FCR BUEBLIF &2
1
Loz2:
Irr B,22E8
MYI 4,248
Jvp DOMEZ2
+ INITIALIZATICN ROUTIN FOR BUBBLE #4
H
L0Z4:
LXI g,228
MVI A,Q2€H
JMP DONE2

INITIAITIZATICN RCUTINE FQOR BURELE #5

.

C?%:

[gr Bl

IXI B,248
Myl A,10B
;

iLONEZ INITIALIZES TBE BUBBLE CAKD INDICATED BY REGISTER PARI H-L. 1IT

I VLR SR P L




}ALSC STCRES TBIS B-1 IN RPUENUM IC BE USET LATER AS AN CFFSET POINTER
7 IN OTHER ROUTINES.

1

LCNEZ:
SELD BUBNTM
CUT PPIPA
CALL BIQCTMP
lrr 3,TABLES
CALL INEORL
MCY B,A
XRI 44R
JNZ INTERP
LXI L,~»SG4
CALL PRINT
JMe TONE21

i
;TEIS ROUTINE PRINTS "OP-FAILED" IF IMITIALIZATION IN RCUTINE DONE2 TOES
FNCT WORK.

?

INTERR:
MoV AR
CALL STATUS
Xl L,MSGS

CALL FRINT
1
;FETTURNS TO ~END CTPON INITIALIZATICM.
’
LONE21:

IXI L,MEND
CALL PRINT
JMP AGAIN

’
;PRINTS TO CONSOLE wHERE AN UNAUTHORIZED CEARACTER IS RECEIVED IN DO2.
FRETURNS TO MENU TC INITIALIZE A SPECIFIC BUBZELE.

1

ERRZ:
IXI L,¥SG1
CALL PRINT
J¥P Lcz

1

TEIS RCUTINE RECEIVES [ATA FROM THE ANALOG TO LIGITAL CCNVERTER AND PLACES
;1T TEMPCRARILY IN THE RAM, THE RA™ IS DIVIDED INTO IWQ PAGES. FROM TEE 3AM
3IT IS TEEN MCVED INTO THE BUEBLE MEMCRY IN BLCCES OF 22 PAGES (2K BYTES),
JWBFRE A PAGE IS EQUAL T0 64 EFYTES. TEE EYTES 4RF PLACED IN TEBE RAM BY THE
j€eeS, A EYTE AT A TIME. AFTER TEE I2 PAGES EAVE BEEM RFAD INTC TEE RAM TEER
;FLAG "PAGFUL” IS SFT TO INCICATE A BIOCX IS REALY FCR TRANSFER TO TBE BUBEL:
;MEMCRY. THE CURRENT RUBBLE IS INSTRNCTED TO START THANSFERING THRCUGE

;THE D™A. WEILE TBE BLOCE TRANSFER CF PAGES IS OCCUEING, TEE NEXT PAGE CF
;CATA FECM TBE A TC T CONVERTERS IS EEING TRANSFEREL INTC THE CTHER PAGE Cf
;®#M. BY THE TIME TBE BLOCK TRANSFEF IS COMPLETE, THE NRXT PAGE ¥ILL BE
FNEARLY READY FOR TRANSFER. ONCE [T IS FILLET, A FLAG wILL 3E 3ET ANI ANCTIEER
JEIQCK TRANSFER WIIL ZEGIN ANLT TBE FRCVIQUS PAGE OF EA~ WILL BE REWRITTEN,

;TEUS SEGINNING TBE CYCLE OVER AGAIN. THIS WLL CONTINUE UNTIL ALL BUBBLE
;CARLS EAVE BEEN WRITTEN.
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IXI SP,5TACK
CALL BEINT
LXl T,ro13
MYl A,2Cl8H
STA INTVEC
SHLD INTVEC+1
IXI BE,LO03CHK
STA DOCEK

SELD DOCEE+1
’
sLMA INITIAL SET UF

MVI A,2FR
CuT (23!
cuT @CEH
MYI 4,208
cutT 248
bl '8 A,2F0H
ouT 248
VI A,C¢B
cerT 2c8
MYl A,2€88
cuT 2EB
MYI A,4AB
ctrT CEB
MYI A,S¢B
cuT L)
’
IxI H,e

SEID BUEBNUM
CALL BICTMP

LXI H,TXCNT
SELD COUNT
D¢ B ,gE¢@eE
SELD RAMADD
VI A,01

STA LEINTM
ouT PPIPA
vMVI A,2FFRH
CUT PPIPB
STA DMANUM

+RECCEL INPUT LATA

1]
7SET UF RAM TABLE WITH PARAMETRIC REGISTER INITIAL VALUES.

H

LIt B ,RAMTABL
rFvI >,228

InX B

V1 M,198

InY B

b ¢ M,2SH

INX -4

MVI r,.208

INX |

\‘\’

6O
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. x

FJ
4
L] ‘.
r
MY T “,eeB -
; py
CALL CONIN -
; £
¥Y1 A2 ?
STA PAGFUL
LA'DS A;ZAH ad
SIM <
) . EI o
4 Ay
b {TEIS RCUTINE POLLS THE "PAGE FOIL" FIAG TO SEE IF A FAGE IS READY e
< {FCR TEANSFER. :
" i1F IT IS READY, IT SENDS A WRITE COMMAND T0 TEE BUEBLE T0 START
;TRANSFERRING A PAGE FROM RAM TO THE CURRENT BUEBLE MEMCHY. -
? -~
, PAGPOLZ: -
1IA PAGHFTL "
CFI QFFE 3
INZ PAGPOLZ 5
; X
LxI B,RAMTABL o
CALL  WRRUBL
M1 A,2SE _ -
SIM S
. FI S
: MVI A,23B .
. coT oFE -
- 3ECLI: =
3 JMP BPCL3 .
?
;WEEN BECCRDING, TEIS ROUTINE IS THE €.5 INTERRUPT ROUTINE. THE 6.8 IS N
- ;INITIALIZED BY THE INTFRRUPT OF THE EUBBLE CARDS UPON AN OP-COMPLETE OR -
X {ERRCR. 1F AN ERROR, IT WILL INDICATE BURSLE STATUS REGISTER ON THE CCNSOLE. N
. ; :
-, TO2CEX: :
N MYl A,2BH o
-, SIM
El .
. CALL RDSTMP Ry
N vov B,A "
- ANT 408 .
: CFI 408 :
y Jz RESET3 -
' [
;IF ERROR PRTNT "CP FAIL™ AND STATUS.
1
> LXI D.CRLF
. CALL  PRINT )
. vey ALE .
- CALL STATUS -
) Lxl L,MSGS .
: CALL PRINT N
JMP GOAGAIN

-e

* "
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R .

Vo 2229

o
jCEECK TC SEE IF TEE GURRENT BUBBLE IS FINISHEL. IF SC, “OVE TO NEXT CARL.
< ;I LAST CARD, GC T0 "GCAGAIN TC START CVER. TEIS NCEMALLY IS CAILELD FRC™
¢ ;Lceaxe,
l. H
t RESET2:
MVI A,2FE j
N ceT 2F B .
N LEID COUNT :
- DCX B K
- SELD CCUNT )
: ~Ov A,
- ORA L
W INZ AGAINZ
w1 A,zed
CALL WRCTMP .
- IDA BUECARD .
N ICR A -
STA BUBCARD -
Jz DOMNEZ :
LELD BUBNUM :
InX B
SELD BUENUM
. LDA LEINUM .
k RIC 3
) STA LEINUM -
- ouT PPIPA :
-~ 1Da DMANTM .
A FLC \
- STA DMANUM 3
cerT PPIPE -
CALL BIOTMP 3
JMP AGAIN3 o
’ -
7 TEIS RCUTINE PRIKTS "OPERATICN CCMELETE™ TO CCASCLE AND RETURNS TC MAIN .
v FMENT. ‘ )
- ! .
N LCAER:
Ix1 D,CRLF
Cart PRINT :
N MCY A,E .
.. CALL STATUS 2
.. IXI D,rSG4 -
" CALL PRINT -
* JMP GOAGAIN <
. * 3
iSET UP FOR MNEXT EIOCK TRANSFER T0 BUEBIF BY PLACING FARAMETRIC BURBLE REG-
iISTER VALUES INTO RAM. THESE VALUES ARE REAL BY THE WRCTMP ROUTINE ANLC X
FELACEL INTO THE AFPROPRIATE REGISTERS. -
’ hed
. AGAIN?: o
. MYI A2 h,
g STA PAGFLL "3
; LXI H,RAMTABL A
*VI v ,208 ]
' INX | )
' A
N
.
* “~
- Y
62 0y
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- - >

Ky %y

t

¥Y1 ,1e8 B¢
INX B -~
rFv1 ¥,258 ~
INX B ,
MY A,REH /
CALL WRCTMP
CALL RLITMP .
MOV ML,A o
INX B -
CALL RIITMP -
MOV M,A -
H Dy
$SET UF DMA FCR TRANSFER TO BUBBLE BY LOADING CORRECT BAM LOCATION. Y
L
coT ¢CH =
) LELD RAMAILD o
) MY A,2 o
: curT Q4B e
r MoV ALB -
cr1 @EEH -
JNC AGN31 ~d
MVl A, 2308
4 JMP AGN32 ¢
. AGNZ1: .
MVI A,2FEE -
AGN32: -
curT 248 R
MV1 A,2 a
ou? 258 .
¥Vl A,BE8 -
ouT @SB .
g JMP PAGPOL3 ;;
1
. ;TEIS RCTUTINE IS VECTORED TO WHEN A 7.5 INTERRUPT IS ACENOWLEDGED AND THE :
X sRECCRTER IS IN THE RECORI MOLE. TGSIS ROUTINE TAKES A BRYTE FROM THE ANALOG N
;TC TIGITAL CCNVERTERS ANL PLACES IT IS THE CORRECT RAM LOCATION INDICATED %
;BY THF ALDRESS STORED IN RAMADD. TEIS ROUTINE IS JUMFEL TO THRCUGE LOALING )
;OF TEE "INVECT" LCCATION WITH THE ADDRESS OF DC13.
’
L0I3: $EUERIE WRITE INTERRUPT SERVICE -
FUSH PSh i
FOSE B >
LELD RAMATD 4
LDA ATOD .
STA DTCA o
MOV M,A :
MY A,0C@H
SIV ;
V1 A,24¢H :
SIM .
INX B .
. MOV ALE .
. CPI eF¢s “
JZ I0I31
CPI QEEH .
~
Y
o




*
-

-
.

JZ L0132
SELD RAMALDT
PoP B

FCP PSW

Fl

RET

*
$THIS ROUTINE SETS TBE PAGE FULL FLAG IF PAGE 1 IS FULL AND RESETS TEE RAY
;ATDRESS VALUE IN RAMADL.

?

LOI31:
Lx: H,0EQ@¢08
SHLD RANMADD
MYI A,OFFH
STA PAGFUL
ECP :f
PCP PSY
El
FET

’
$TEIS RCUTINE SETS TEE "PAGE FULL" FLAG IF PAGE © IS FULL AND RESETS
;TEE RAM ADDRESS VALUE IN RAMADD.

1

DOI32:
SHLT RAMADD
MYl A, eFFB
STA PAGFUL
ECP B
PCP PSw
EI
RET

*

s THIS RCUTINE TAKES THE DATA FROM THE BUBBLE MEMORY CARDS AND SENDS IT TO TEE
;CIGITAL TO ANALOG CONVERTERS. IT LOES TBIS BY FIRST PLACING A BLOCK OF CATA
7 INTO THE RAM. A BLOCK OF DATA IS 32 SIXTY-FOUR BYTE PAGES. THE BLOCK IS
yMCVED EY THI DMA FR0M THE BUEBLE TC THE RAM. ONCE IN THE RAM, TEE DATA IS

i TEEN MOVED BY TEE €085, 4 BYTE AT A TIME,TO TEE DIGITAL TO ANALOG CONVERTERS.
;TEE SAME TYPE OF PROCEDURE USED IN RECCRDING TBE DATA IS USED WHEN INTERLEAV-
ING PAGEC ANL PAGE1 OF THE RAM. SINCE THE DMA CAN TRANSFER FRCM THE BUEELE
;FASTER THAN THE BYTES ARE BEING PLACED OUT ONTO THE D TC A, THERE IS ALWAYS A
;FULL PAGE OF DATA READY WwHEN THE CURRENT PAGE IS FINISHED BEING REAL O0UT.
3MOST OF THE CODING IS IN SUPPORT OF CHANGING PAGES OF RAM DURING PLAYBACK.

pC4: ;PLAYBACK DATA

DI

IX1 SP,STACK
CaLl ESINT
LXI B,001I4
LD A,2CZH
STA INTVEC
SHLD INTVEC+1
IXI B,CQ04CEK
STA DoCEBK

SHLD DOCHK+1

~e
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g
;IMA INITIAL SET-UP .
’ o
Ll B A,0FE X
ouT QFH o
cuT acE o
bk B8 A,208
ouT P48 ’
MVI A,2EQH -
ouT @4E e
MV A,90H o
curT @58 =
MVI 4,108 .
cUT P%B -
MYV 4,468
coT 2B8 .
MV A,82R “l
ouT L) =
4 --
LX! E,e -
SELD BUBNUM )
CALL BIOTMP
IXI B,TXCNT-1
SELD COUNT -
LX1I E,0L0008 o
SHLD RAFADD -~
MYl A,e1 N
STA LEDNUM 0
cur PPIPA e
MV A,RFEH oo
ouT PPIPB e
STA DFANUM e
4 +
$SET UP BAM TABLE WITH PARAMETRIC REGISTER INITIAL VALUES. o
! AN
IXI E,RAMTABL el
MYI M,408 T
INX : .
FYI »,108
INX : .
MYI M, 258 -
INX : Ca
MY I M,ee8 <.
INX : o
*VI »,208 -
' .
CALL CONIN
’
MV A,@DH ou
SIm =
IxI B,RAMTABL N
CALL RDRUBL N
-t
¢ 4
MVI A,CBE R
0UuT oFB \
L041: .
A
.
ol
4 * r




.
3

JMP D041
H
;TEIS BCUTINEF POLLS THE "PAGE FULL" FIAG TQ SEE IF A PAGE IS READY #OR
;TRANSFER, IF IT IS READY, IT SENDS A READ COMMAND TO TEE BUBBLE TO
<

*
s START THEAANSFEIRING A PAGE FROM BUBELIE TO RAM.
’
PAGPCL4:
ITA PAGFUL
CPl @FFH
JZ PAGPOL4
?
X1 B,RAMTABL
CALL RLEUEL
MY1 A,ecH
SIM
EI
MVI A,2318
ouT OFB
BPCL4:
JMP BPCL4

?

;WHEN READING, THIS ROUTINE IS TRE €.5 INTERRUPT SERVICE ROUTINE. THE 6.5 IS
$INITIALIZED BY TBE INTERRUPT OF THE EUBELE CARDS UPON AN QF-CCMPLETE OR
;ERROR. IF AN ERROR, IT WILL INDICATE BUBBLE STATUS ON TEE CONSOLE.

1
DO4CEK:

b B A ,2BB
SI¥

El

CALL RDSTMP
¥Ov B,A
ANT 428
CPI 408

JZ RESET4

;
;IF ERROR PRINT "OP-FAIL” AND STATUS.

IXI D,CRLY¥
CALL PRINT
MOV A,B
CALL STATUOS
Lx1 D,MSGS
CALL PRINT
JrpP GOAGAIN

-.

;CBFCK TC SEE IF TBE CURRENT BUBELE IS FINISHEL. IF SO MOVE TO NEXT CART.
;IF LAST CARLC GO TC GOAGAIN TO START CVER. THIS NORMALLY IS CALLED FROM
3LC4CHK.

’
RESET4:

VI A,CFFH
STA PAGFUL
MYI A,CFH
0ouT oFB

LHLD COUNT
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DCX
SELD
MoV
ORA
JNZ
MYl
CALL
LTA
DCR
STA
JZ
LELD
INX
SELD
LDa
RLC
STA
cuT
DA
RIC
STA
ouT
CAll
JMP

L3

1

TONE4:
1X1
CALL
MCY
CALL
LXI
CALL
JMP

H
COUNT
A,B

L
AGAIN4
A,2en
WRCTMP
BUBCARD
A
BUBCARD
DONE4
BUBNUM
B
BUENTUM
IEINUM

IEINOM
PPIPA
DMANUM

CMANTM
PPIPB

BICTMP
AGAING

; .
;THIS BCUTINE PRINTS "OPERATION COMPLETE" TO THE CONSOLE AND RETURNS TO
3 THE MAIN MEMND.

D,CRLF
PRINT
AP
STATUS
D,M5G4
PRINT
GOAGAIN

H

ySET UP FCR NEXT BLOCK TRANSFER FROM BUBBLE TO RAM RY ELACING BUBBLE
yPARAMETRIC REG VAIUES INTO RAM. THESE VALUES ARE FEAL BY THE RDSTMP
JRCUTINE AND PLACED INTO TEE APPROPRIATE REGS.

’
AGAIN4:

Lx: B,RAMTABL
rVI »,208

INX :

MYI ™,128

INX B

L' M,25B

INX ):}

MVI A,CEB

CALL WRCTMP
CALL RCDTIMP
MOV M,A
INX B

CALL RDLTMP

67
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N "
y

p v
p -
b »
]
: e
g MOV M, A ~
; ~
3 SET UP CMA FCR TRANSFER TO RAM EY LOATING CORRECT RAM LOCATIONS. %
*
cuT eCcH )
LHEIT RAMALL W
{ MVI A2
CUT 248
/ MOV AB
CPI QEEH
JINC AGN41
MVI A,REQH v
JMP AGN42 »
AGN41l: T
MVI A,2EER
AGN42:
cuT @48
M1 AL .
ouT 25E -
MU A,Q€R o
ouT '43):)
JMP PAGPOL4 k}
14 .
3 THIS RCUTINE IS VECTORED TO WEEM A 7.5 INTERRUPT IS ACENOWLEDGED AND THE R
RECORTER IS IN THE PLAYBACK MOLE. THIS ROUTINE TAEES A BYTE FROM RAM ANT S
'PLACES IT ON THE CORRECT DIGITAL TC ANALOG CONVERTER. THIS ROUTINE IS .}I
3JCMPEL TO TEROUGH LOALING OF THE INVECT IOCATION WTH THE ADDRESS OF DOI4. : -
L =
LO14: y READ BUBBLE INTERRUFT SERVICE
FUSE PSW =
FUSE B .
IELD RAFALD
MOV AN
STA DTCA -
INX B
MOV A,H
CPI 2F2H -
Jz DOI41 ..
CPI QEER s
Jz DO142 :--
SELD RAMALD o
POP ;1
ECP PSW N
I N
RET a
1
3TBIS RCUTINE SETS TBE "PAGE FULL™ FLAG IF THE CURRENT PAGE 1S FULL ANC ;1
$RESETS TEE RAM ALCILRESS VALUE IN RAMATLD. L
? Lt
LOl41: RN
LX1 B,0EQ008 RO
SHLD RAMALD
MVI A,2BE N
STA PAGFUL
EOP | NS
4
.
n}
s
.:\.
RS
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FCP PSW
rI
RET

H
;TEIS RCUTINE ALSO SETS THE "PAGE FULI™ FILAG FOR THE CTHER PAGE IN RAM ANT
yPESETS THE BAM ATTLRESS VALUE IN RAMATLD.

’
LOI4Z:

SHLD RAMADD

MYI 4,008

STA PAGFUL

POP g

ECP PSW .
El

RET

4 ~

3 TEIS RCUTINE IS REFERENCED WHEN AN FRROR OCCURS. “OP-FAIL"IS FRINTED 0UT
+CNTO THE CONSOLE ALONG WITH THE STATUS OF THF BUBBLE MEMORY CONTROLLER
+SC THAT THE USER IS ABLE TO LETERMINE wHAT WENT WRONG WITH THE BUBBLE
jRYAL CR WEITE OPERATION.

r
STATUS: sPRINT BUBBLE CONTROLLER STATUS
vl B,PERB
STAT!:
RLC
JC STAT2
LA B¢ C,298
JMP STATZ
STATZ2:
MYI c,218
STAT2:
PUSE PSW
CALL CoNOUT
PCP PSw
DCR B
JNZ STAT1
RET

’
$THIS NEXT ROUTINE ENABLES THE PROGRAM TO RETURN TO TEE MAIN MENU
yFFOM A READ CR WEITE OPERATICN.

?

GOAGAIN: RETURN TO SYSTEM FROM READ/WRITE
Ll
MV1 A,QFH
0uT oFH
MVl A,5¢B
ouT Q€EH
rMYI A,EQB
STA DTOA
MYI 4,0
ceT PPIPA
MV I A,eFFH
ouT PPIPB
IXI D,FMENT

CALL PRINT
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’
>
>
f
f
{

g \
’ L
. \
\ JMP AGAIN )
4 ?
’ FBEINT AND ITS SUBSEQUENT ROUTINES, BSINTY ANL BSINT1 RESPECTIVELY, ARE
sCEALING WITE THE INITIALIZATION CF TBE £ BUBELE CARDS. WHENEVER AN
INITIALIZATION IS PERFORMED, THESE RQUTINES FURNISE THY USER (VIA THY o1
7CCNSOLE} SUCH INFORMATION AS TC HCW MANY CARLS INITIALIZED SUCCESSFULLY. -
! iy
BEINT: .
IXI 8,208 -~
MVI 4,018 o
CALL BEINT1 <
X1 R,218
MVl A,228 ) -
CALL BSINT1 .
LXI B,228 -
MY1 A,048 o
CALL BEINTY -
LXI BE,e2B
; MV A,9€8 N
CALL BSINTY -
Lxl H,24H
Y1 A,108
. CALL BEINT1
BEINTE: ;
STA BUBCARD s
11 D,CRLF ) o
CALL PRINT .
LTA BUBCARD -
ATI 28 -
MoV c,A -
CALL CONOUT .
IXI D,rSG1@
CALL PRINT
LXI H,008 .
SELD BUENTM 1
MYI A,208
cUT PPIPA ]
RET .
BEINT1:
SELD  BUBNOUM 3
coT PPIPA -
CALL BIQTMP b
LXI B,TABLES P
CALL INRUBL ol
MOV B,A
MY 4,208 ~
CALL  WRCTMP L
MOV AR .
ANT @r4H e
CFI aeB -
‘ My I A,e5H -
' RZ ta
LELD BUENUM
r»Oov A,L
POP B

R T T P
o« e 8 a2 v a8
AN
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(]

[
JMP BSINTO t

[ 4

;LOTRAP IS USED WHEN A SPURIOUS INTERRUPT OCCURS WITHIN THE SYSTEM N

$TEAT CCDLD FCSSIBIY RUIN TBE CURRENT OPERATION. THE WAY IN WEICH THE

;USER LEARNS TEAT SOMETEING BAPPENEL, I.E., AN UNEXPECTED INTERRUPT, .

;1S TBAT THE SYSTEF JUMPS TO THIS ROUTINE AND PRINTS QUT "SPURIQUS
: vINTIRFPUT OMTO TBE CONSOLE.

- ~
DOTRAP: ~
Y 9.4 D,¥SG7 o
y CALL PRINT o
JrP AGAIN -
3 THE NEXT SET OF ROUTINES, L0S THROUGH DOI155, ARE USEL FOR THE DATA ERROR
: 3TESTING TO BNSURE PROPER OPERATION OF THE BUBBLES. THE PREDICTED ERROR &
- 3RATH FOR TEJ BUBBLES IS 127 -13. IF ONE DESIREL 10, THEY COULD RUN TEIS 5
; iRCUTINE INDEFINTELY T0 SEIE IF TEAT PREDICTION HOLDS. DURING THIS SECTION -
JLIFFERENT PATTERNS OF "1°S” AND "9°S” ARE RECORDED INTC TEE BUBBLE MEM- -
JORIES. THE USER RAS A CBOICE OF WHICH PATTERN (SEE MSG11). UPON COM- .
. ;PLETION, TEI USER CAN PLAYBACS WEAT WwAS RECORLED AND TETERMINE THE -
. ;ACCUPACY CF THE EURBIE MIMORIES. <
H
. DOoE: - y
- DI , o
g 11 SP,STACK -
. LII D,MSG11 -
. CALL PRINT -
. CALL BEINT o
Dosge: $CONSCLE ENTRY SECTION. Y,
CALL CONIN
FOY C,A .
Call CONOUT -
MOV A,C -
CFl ‘p’ N
CPI ’5° ~
JE ETRRS ~
SUl ‘g’
MOV C,A o
- ADD A -
N ATD c -
X MOV C,A \
8 XRA A RS
. )] B,A N
- LX1 H,DOSTBL -~
LAD B
PCHL !
DOSTEL: 5
. Jvp DOE@ X
. Jmp 1051 R
3 JMP D052 .
, Jrvp DO&2 <
. JMP D054 N
ERRS: FERROR ROUTINE FOR INCCREECT CONSOLE ENTRY
111 D,¥SG1 .
' -
1]
- “
3 71 N
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) CALL PRINT

LxI D,MSG11
d CALL PRINT
! Jrye DOS20o
N Loce:
JMP GOAGAIN
> LCE1:
< JMP DONES
8 DOE2:
\ Jrp DONEE
y LOE3:
3 JMP DONES
DO<4:
JMP DONES
- DONEE: sROUTINE TO PRINT CEOICES FOR DATA ERROR TEST.
- Ix1 D,rSG11
& CALL PRINT
W JMP DOSoe
X - H
: LOISE: yMSG TO CONSOLE INCASE CF SPURIOUS INTERRUPT.
R IXI D,FSG?
CALL PRINT
", JMP AGAIN r
| H '
N +THIS SECTIOM, DO6-D061, IS DESIGNED TO CIEAR THE RAM EUFFER IF CHCSEN. s
- $IT IS WISE TO START OUT WITH A RAM THAT IS IN A ENOWN STATE. THEN TEHX s
. yCSER IS ASSUBRED TO HAVE NO PREVIQOUS DATA FROM OTEER RECORDINGS. K
- yOPON CCMPLETION IT RETURNS THE USER TO THE MAIN MEND. °
- 13
TLOE:
" D1
: LX1 H,PAGEQ
1994 R,10200
MVI L,&e8
DOEl:
o rOV ~,0
'’ DCX B
MOV A,B
CRA c
JNZ D061
MYVI A ,E9B
STA DICA
LX1 D,MSG4
CALL PRINT
19 94 D,FMEND
CALL PRINT
JMP AGAIN

LC? ANL TOI7 ARE THY CONVERT ANC DISFLAY OPTIONS. THYE ADVANTAGE OF THESE
RCUTINES 1S TEAT THE USER CAN ENSURE THE CORRECT OPERATION OF THE ANALOG
yAND TIGITAL CIRCUITRY. NO RECORDING OR PLAYING BACK IS PERFORMED. THE
., iSAMPLED INPUT GOES DIRECTLY TO THE OUTPUT. HENCE, ONE [S ABLE TO CONNECT
L iTEE INFUT AND CUTFUT TO AN OSCILLOSCCPE, FOR EXAMPLE, AND DETERMINE
yTHE ACCURACY OF BOTH WAVEFORMS. THE ONLY DESCREIPANCY THAT MAY BE
$OFSERVED ¥ILL BE A TIME DELAY.

*wome we
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LO%: i LOADING OF THE REGISTERS.

LXt F,D017
MY A,0C3H
STA INTVEC
SELD INTVEC+1
MYI A,2FE
QuUT ¢FE
ouT oCH
MY A,208
ooT 'T)
MYI A,BCOH
00T 208
MY 1 A,218
ouUT 818 .
PV A,20H
0UT @18
MVI 1,01H
cunm 228
MYV A,2C¢8
ouT @28
MY 4,218
ooT 828
MY A,008
corT 228

- MY I A,c8B

3 ouT @BH
PV A,SEH
ouT ¢BH
MYI 4,618
olil L]
MY I A,2FH
ouT oFH
FVI A,0CBE

s MVI A,242H

LXI D,MENU
CALL PRINT
JMP AGAIN

yCONVERT AND DISPLAY INTERRUPT ROUTINE
Sw
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SIm
FOP
EOP
PCP
POP

El
' RET

oo o

START OF SUBROUTINES

* we WO ws we we

; THE FOLICWING SUEROUTINES SET THE BARDWARE TO ENOWN CCNDITIONS AND
sPROVILE THE CODE FOR PRINTING OUT “MENUS AND MESSAGES VIA THE CONSOLE.
JEVERYTIME A MESSAGE IS TO BE PRINTED, THE PRINT ROUTINES ARE CALLED.
iEVERTTI®E THY USER IS REQUIRED TO INFUT (OR RECEIVEL AN OUTPUT) VIA

7 THE CONSOLE, TEE CONIN/CONCUT/CONST SUBRCUTINES ARE CALLED.

f INITHW IS TBY SUBEOUTINE THAT IS CALIED TO SET ALL THEE BARDWARE TO A
1KNOWN STATE.

’
PRINT:
ICHG
PRT1:
FCY A,r
CPI N
RZ
MOV C,A
PRT2:
IN CONSTAT
ANI 21
CP1! 21
INZ PRT2
MCY A,C
00T CONCATA
INX ):4
JMP PRT1
’
CONIN:
IN CONSTAT
ANI e2
JZ CONIN
IN CONDATA
AN 7F8B
RET
]
CONOUT:
IN CONSTAT
ANI 21
CF1 21
JNZ CONQUT
rCY A,C
our CONCATA
RET
1
CONST:

74




IN CONSTAT

ANT 82
BRZ
MVI A,2FFH
RET
’
INITHW: 7SET BARDWARE TO ENOWN STATE

’
78251 UART

Ll B¢ 4,0

ouT CONSTAT
coT CONSTAT
00T CONSTAT
MVI A,40H
ou?T CCNSTAT
MYI A,4EB
ouT CONSTAT
VI A,278
ouT CONSTAT

€25 PROGRAMMABLE PERIPEERAL INTERFACE.

o wms oo

MV I A,888
ouT PPICS
MTI A,e98
oUT PPIPA
MY I A,@FFH
0UT PPIPB

ZIRO A TO D STROEL

-y o we

el ¢ A,4€H
SIM

. ws

JZERC T TO A QUTPUT

VI A,EeH
STA DTCA

8237 LMA

MVI A,0
cuT DB

RESET ALL REGISTERS

cuT 00
ouT 20
coT el
ouT a1
ouT 22
0uT ez2
ouT e3
ouT 22

) A \
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curt 24

cor 04
0uT 85
QUT 8c
cuT 26
0ogT o€
cuT e?
0uT g7

’

7SET MCLE REGISTERS

1
MYI A,cEH
0ouT ¢BH
MYI A,SSH
coT 2:):]
MYI A,168
0ouT 3:):}
MYI A,1PB
00T eBH

’
;ySET COMMAND REGISTER

MYI A,E18
0ouT 1)
RET
’
DELAT:
rMCY B,A FiDELIAT A TIMES 1@MSEC.
LOOP1:
LIl D,1€€€
LOCPZ:
nex D
rCV A,D
QRA E
JNZ Lo0P2
DCR B
JNZ LooP1
RET
’
7 TRIS IS THE MAIN MENU ANT CHCICE OF CPERATIONS TBAT CAN BE PERFORMED.
!
MENU: DB CR,LF, SCLID STATE DATA RECORDER’,CR,LF
DE CR,IF¥, ‘2= RESET SISTEM °
DB CR,LF, 1= SET SAMPLE RATE °
TE CR,LF, 2= INITIALIZE BUBBLE
TE CR,LF, 3= RECORD INPUT DATA ~
DB CR,LP, 4= PLAYBACK DATA ~
DF CR,LF, 8= DATA ERROR TEST ~
DB CR,L¥, 6= CLEAR RAM ~
DB CR,LF, 7= CONVERT / DISPIAY °
DB CB,LF, %"

’
;THE FOLLOWING MESSAGES ARE SELF-EXPLANATORY AND ARE CALLED THROUGEOUT TEIR

s PROGRAY IN CPRDER FOR THE SYSTEM TO CCMMUNICATE WITE THE OPERATOR VIA TEI
1 CONSOLE.
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ta
.
(o]
bt

MSG4: DB
L}

MSGS: DB

MSGE: DB

éSG7: DB
6SG8: DE
eSGQ: DB
%SGIQ: DE

14

MSG11: ¥
CE
DB
LB
LB
DE
DE

’
CRLF: LB

’
TAELES: LB
'

DS

.
’

CR,LF, “BAT ENTRY, TRY AGAIN!’,CR,LF, 3"
CR,IF.:SIT SAMPLEI RATE °,CR,LF

CR,LT, 0= SQ@BZ °

CR,LF, ‘1= 1,8KHZ ~
CR,LF, 2= 2,.8KBZ ~
CR,L¥, 3= 5.@KHZ
CR,LF,"%"

CR,LF, 'SPARE °,CR,LF," %’

CR,LF, "OP-COMPLETE
CR,LF, "OP-FAILED °,

CR,LF, "CHOOSE BURBLE FOR INITIALIZATION’,CR,LF

CR,LF, 0= CLEAR’
CR,LF, 1= BUBBLE
CR,I¥, 2= BUBELE
CR,LF, ‘2= BUBELE
CR,LF, “4= BUBBLE
CR,L¥, &= BUPRBLE
CR,LF, "%’

;M N
L WL W N 3

CR,LF, SPORIOUS INTERRUPT °,CR,LF, s’
CR,LF, “TIME OOUT ERRCR " ,CR,LF, $”

CR,LF, "SPARF’,CR,LF
° CARDS ACTIVE’,CR,

CR,LF, "SELECT TEST
CR,IF, @= END TEST
CR,LF, 1= 00000020
CR,I1¥, 2= Q1010121
CR,LF, 2= 12121010
CR,LF, "4= 11111111
CR,IF, s’

CR,LF, "%’

218,108,20H,008,¢¥H
1

’yCR,LF,”$’
CR,LF,’s”

8
IF,"$°
MODE *,CR,LF

’
,
.
’

’

+TBEST ARE THI INITIAL VALUES FOR THE PARAMETRIC REGISTERS. THEY ARE
FLOATEL INTO FAM INITIALLY SO THAT TEERE IS A CAPABILITY TO CHANGE TEER
7VALOEFS TEROUGHTCUT THE OPERATION OF THE RECORDER.
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TEIS SECTICN WAS LINEED ONTO THE MAIM PROGRAM AND STCRED IN THE EPROM.

IT IS TEEN COPIEL FROM EPROM INTC THE RAM IN ORLCER TO HAVE THE CAPABILITY
T0 CHANGE THE PARAMETRIC REGISTER VALUES DURING A RECORD OR PLAYBACK OPERA-
TION. OQBVICUSLY, TO WORX QUT OF THE EPRQM, THE VALUES WOULD NEVER HAVE
;EEEN ABLZI TO BE CHANGED. CONSEQUENTLY, TABLES CONTAINS THE INTITIAL
;VALUES EUT THEE RAM COPY IS TEY PART THAT CAN BE UPTCATEL TO REFLECT CURRENT

“twe ws ws o

| o

;VALUES. 1
; LYy
FNTRY  TABLES,2UPe,BUB1,BUE2,BDES,RPUR4,ENDTAR =)
. .
? w
CSEG -
; -
) ; SCLID STATE DATA RECORDEF PROGRAM
; FCR 4-MEGABIT BUBBLE MEMCRY BCARD -
; -
STACK  ECU 2 .
H .
PRTAZO EQU 2FDOOH N
PRTA21 EQU g¥re1n
; '
TPPICS EQU 108 =
TPPIFA FCU 118
TPFIPR® EQU 128
TFFIPC QU 128 N
TLSB EQU 148 )
TMSBTM EQU 158 2%
1 A
PEIPA  EQU 2¢% kS
PPIPB  EQU 218
PPIPC  EQU 228
PPICS QU 238 -
; o
CONDATA EQU 308 A
CONSTAT ECQU 318 o
H o
ATCD EQU #CeoeH .
L1ica EQU aceeln Yo
;
CR EQU @TH K
LF ICU €AB .
BS EQU L) r
; ".
PAGEC 10U PLCOQH e
PAGE1  EQU @E100F -
;
RAM EQU ¢FeeeE
RAMTARL EQU RAM ;
ATCDIMF EQU RAMTABL+10@8H =
DTOATMP EQU ATODTMP+2 ..
; -
; MOVE TABLE o
! »,T'
TAPLES: DB 818,10H,20H,00H, 008 A
BUE@: DF 918,108 ,20H,80H ,20H B
\:
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BUEL: o] 218,108,208, 0¢8,20H
BOE2: LB @18 ,108,2¢H,9¢H, ¢eH
BUER3: DR 018,108,208 ,00@HE,y0H
BUE4: DE 918,19E,20H,020H,208
ENTCTAB IQU $
TAESIZ EQU ENDTAB-TABLES
’

Is 1
’

END
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4-MEG BUBBIE DRIVERS

7THE SCLFTWARE DRIVERS FOR THY RBUBBLF MEMORIES ARF SUPPLIED BY INTEL

3 CORPORATION. ULMONT SMITH WAS THE CRIGINAL AUTHOR OF THE DRIVERS FOR TEL
yCNE MEGARIT TEVICE. M™OST OF THY SAMF ONES CAN BE USEL CN THE FOUR “EGA-
yBIT, HCWEVER, CHANGES NEEDED TO BE INCORPORATED IN CELCER FCR TEEM TO

+FCN TEE FOUR MEGAEIT MEMORIES WITHECUT ERRORS. ONE OF THE ADDITIONS wAS
iTHE ATCTITION OF TBE DRIVER TO WRITE ALL ONE’S TO THE FIFO/BOQTLOQOP IN
7OFDER TIC FORCE TBE CONTROLLER TC UTIIIZE THE 1XTERNAL TATA ERROR CHECKINe.
iTHE OTEER ADLITION WAS TEAT OF TEE EIOTMP ROUTINE SO THAT THE DRIVERS DIT
yNOT HAVE TO BE REPEATED £ TIMES (IN THE CASE OF THE 3SDR, 24 TIMES.®

XTRN TABLES ,BUBNUM,RLLTMP,WRLTMP ,RLSTMP ,WRCTMP
NTRY INEURL ,RDECEL,WRBURL
YTCNT EQU 28€

o ry) 2o 1) e o) we we We w

4 INTPAR INITIALIZES THE PARAMETRIC REGISTZRS OF TEXZ BUSBLES. THESE REGISTERS
+¥UST EE LOALEL EACY TIME A READ CR A WRITE OPERATION IS PERFORMED.

NOTE: THIS DOES LESTROY TEE A, F/FS

V
i
’
I

NTPAR: FUSH B ySAVE B~C REGISTERS
FUSE D $SAVE D-F REGISTERS
ha B A,2E8 +LOAD A REG WITH BLR LSB ADDRESS
CALL WRCTMP )
MYI E,058 INITIALIZE LCOP COUNTER
LTAX B yLOAD A REG FROM B-C REG ALLRESS
CALL WRITMP
INX B 7 INCREMENT B-C REGS TC TBE NEXT ADDR IN RAN
DCR E s CECREMENT LOCF COUNTER
JNZ ICAT +IF NCT ZERC, JMP LCAT
PCP D yRESTCEEX D-E REGS
PCP B yRESTOHE B~C REGS
RET

RESET 7220 FIFO DATA BUFFER
LESTROYS A, F/FS

Fofas wo we we we we

PUSH D ySAVE D~E REGS

PUSH B $SAVE B~C REGS

MVI B,428 iLOAD B REG OF-COMPLETE

LxI D,¢eFFFFH; INTIALIZE TIME CUT

MYI A,1DEH yLOAD A REG RESET CCMMAND
CALL YRCTFP

BUSTFR:

CALL RESTMP
RLC +TEST BUSY EIT=1




' ~' .l' 'l' "

o
Jc POILFR ;IF BUSY=1,ECIL STATJS RIG .
LCcX r ;CECREMENT TIYE OUT LOOF >
XRA A iCLEAR & REG ’
W CRA D }TEST D-KEEG=0CH ¥
Y ORA E ;TEST E-REG=¢(E .
INZ BUSYPR ;IF NOT & CONTINUE POLLING
Jmp RETFR  ;TIME 00T ERRCR ;
. POLLFR: .
. CALL  RDSTMP -
. IRA B ;TEST STATUS = 40B ’
JZ BETFR  ;IF OP-CCMPLETE JMP RETFR
DCX D ;CECREMENT TIME OUT LOOP
. IRA A ;CLEAR A
b ORA D 3 TEST D-REG
CRA E ;TEST E-GEG ’
INZ POLLFR ;IF NOT ¢ CONTINUE POLLING B,
RETFR: POP B iRESTORE B-C REG -
FOP D iRESTORE D-F REG .
Jup RCSTMP -
’ .
' ‘.
jABORT MUST EE PERFORMED WHEN A EUBBLE IS INITIALLY TCENED CN OR IMMEDIATELY -
s BEFORE POWERING DOWN THE EUBELE. b3
’
' ; MCTE: DESTROYS A, F/FS =
’ -
. ABORT: FUSE D 3SAVE D-E REGS »
- FUSE B iSAVE B-C REGS .
‘ LXI D,@FFFFH; INIT TIME CUT LOOP COUNTER -
- MVI b,408  FICAD B REG= 4@B, OP-COMPLETE
MYI A,1SB FLOAD A REG= ABORT COMMAND _
CALL  WRCTMP o
BUSYA: d
CALL  RDSTMP o
RLC iTEST BUST BIT= 1 “
Jc PCILA  5IF BUSY= 1, FCIL STATUS REG FCR 47H -
oix D ;CEC TIME OUT LOOP COUNTER o~
IRA A iCLEAR A REG
CRA D iTEST D EEG= @@E i
. CRA E JTEST E REG= ¢@E s
. INZ BUSYA  ;IF NCT ¢, CCAT POLLING ABORT COMMAND o
: Jvp RETA iTIME OUT ERECR, RETURN o
- POLLA: A
- CALL  RDSTMP R
. IRA B ;TEST STATUS =4@H, OP-COMPLETE v
y Jz RETA 3 IF OP-CCMPLETE, JMP RETA
LCX D ;DEC TIME OUT LOOP COUNTER
IRA A JTEST STATUS FOR OP-COMPLETE ~
ORA D 3TEST D REG FCR @ "
CRA E ;TEST § KEG FCR @ "
INZ POLLA  ;IF NCT ¢ CONTINUE POLLING 3
RETA:  POP B yRESTORE B-C REGS »
ECP D iRESTORE D-E REGS -
. Jrp RCSTMP L
?

v :
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A3t ah ek i ek Set AR A AEA

?

{WEITE 7224 FIFG DATA BUFFER WITH ALL ONE'S. TEIS PARTICULAR DRIVER EAD IC
;BE WRITTEN BECAUSE THE RICORDER IS USING THE 4MEIT LEVICES. wrwaqwgz sgnsg
;IN THE SERIES OF 4MBIT BUBBLES, THE BOOTLOQP HAD TO BE REWRITTEN 'O 059 §a
{TC EE) BY WRITING ATl ONE’S T0 THE FIFO. TEEN wEEN THE CONTROLLER DOLS
{COMPARE AND SEES" ALL ONE’S~-THEREFCRE, IT INTERPRETS TSAT A4S A 3U3BLE
;WITE ALl LOCPS ACTIVE--1T1 GOES CUT AND DOES AN EXTERNAL DATA ERROR CEECE.

?
i LESTROYS A, F/FS
;RFIFO: sFIIL FIFO VITH ALL CNE'S
PUSHE B
PUSH D
vl B,408
MYI C,2¢cH
CALL FIZFORS
IRA B
JINZ RETWF
MVI A,QFFH
INFIFC:
CALL WRLTMP
DCR ¢
JNZ INFIFOQ
RETWF:
POP D
ECP B
JMP ELSTMP

’
v 7 ’ i ALF CF
iWRITE 7244 ECOT LCOP REGISTERS WITE ALL ONE’S. TEHIS IS TEE SECOND E "
;TEE PROCESS OF FAEING THI BUBELE INTC BELIEVING THE BOOTLCOP BAS ALL ONE'S
7AND THEREFORF MUST DO AN EITERNAL DATA ERROR CEECK.

; CESTRCYS A, F/FS

¥
WEELRS:
PUSH B
FUSE g
MVI B,418
MVI C,oFDE
IX1 B,0
CALL WRFIFO
ANA c
IRA B
INZ RETWEL
DCR B
2R A,1€8
CALL WRCTMP
BSYWEL:
CALL RLST*P
RLC
JC POIVBL
DCX E
Moy A,B
ORA L
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JINT BSIVEL
JMP RETVWEIL
POLWEL:
CALL RDSTMP
XRA B
JZ RETYEL
DCx E
rov A,B
CRA L
JINZ POLWBL
RETVEL:
pPoP B
POP B
JMP RISTMP

;WRITE BUBBLE MEMORY DATA IS THE ROUTINE USED TC PREPARE THE BUBBLE FOR A
WRITE CPERATION.

LESTROYS A, F/TS

’
3
3

L]

REUBL: ;WRITE BUBBLE DATA
AET

PUSH B 7 SAVE H-I REG
PUSH B $SAVE B-C REG
FUSH D
CALL BIQTMP
MY1 B,4@H yLOAD B REG OP-COMPLETE
CALL FIFORS +RESET FIFC
IRA B iyTEST FOR OP-COMPLETE
JN2Z RETWR y1F ERRQOR JMP RETHR
POP B 3RESTORE B-C
CALL INTPAR §LOAD PARAMETRIC REGS
LII B,2YTCNT
FUSH B ;SAVE B-C REGS
LXI H,eFFFFHFINITIALIZE TIME OUT LOOP
LOCPYR:
CALL RDSTMP
RIC $TEST FOR BUSY=1
JNC RETWER 71F ZERQ JMP RETWR
DCX yCECREMENT TIME QUT LOOP
IRA yCLEAR A REG
ORA ;yTEST B-REG FCR @
ORA ;TEST L-REG FOR @
JNZ yCONTINUE FOLLING

PCP

POP

ECP RESTCRE H-L REGS
JMP RISTMP

A Ay el

N

P A

REAL BUEELE MEMCRY DATA IS THBE FOUTIMNE USED TO PREPARE THE EUBRBLE FCR
A READ CPERATION.




T w w =

¢
h
X9
»
i<
N o
L]
\ i LESTRCYS A, F/FS 5
’ »
! RC®UEL: ;EEAL BUBELE DATA 3
RET .
PUSE B $SAVE H~-I REGS
PUSE B ;SAVE B-C KEGS
FUSE D 3
CALL BIOTMP o
MV B,408  ;LOAD B REG OF-COMPLETE e
{ CALL FIFORS 3RESET FIFC .
, IRA B }TEST FCR OF-COMPLETE -
INZ RETRD  ;IF NOT ZERC JMP RETRD o
ECP B ;RESTORE B~-C REGS -
CALL INTPAR ;LOAD PARAMETRIC REGS
LXI H,BYTCNT e
FUSE B iSAVE B-C REGS o
1X1 B,2FFFFE; INITIALIZE TIME OUT LOCP .y
LOOPREL: - .9
CALL RLSTMP -
BLC $TEST FOR BUSY=1 s
INC RETRD  ;IF ZERO,NOT BUSY,JMP RETRD :
DCX I ;CECREMEAT TIME GUT LGOP
XRBA A iCLEAR A REG _
ORA B ;TEST B REG=¢ L
CRA L ;TEST L REG=¢ R
INZ LOCPRD ;CONTINUE PCILING R
RETRL: o
POP D "n
ECP B )
PCP B tRESTORE B-1 EEGS =
Jmp RDSTMP N
i (o)
; .
i INITIALIZE TEE BUBBLE MUST BE PERFORMEL EVERYTIME THE BURBLE IS TO 2E Al
;WRITTEN TO OR READ FROM. IT SETS UP THE BUBBLE INTO A INOWN STATE. 5
’ =
; LESTROYS A, F/FS -
; =
INBUBL:
PUSH D R
BUSH B v
CALL BIQTMP Ny
MYI B,42H  ;LOAD B REG OP-COMPLETE -
CAIL AECRT  3CALL AECRT CCMMAND
XRA B iTEST FOF OP-COMPLETE Vi
INZ RETIN  ;IF ZERO CP-COMPLETE -
ECP B JADDRESS OF PARAFETRIC REGS
CALL INTPAR LOAD PARAMETRIC REGS <
PUSH B }SAVE B-C REGS s
MY B,40E  ;I0AD B FEG OF-COMPLETE T
LXI D,eFFFFH; INITIALIZE TIME OUT LOOP "
MVI A,118  LOAD A REG INIT COMMANL S
CALL WRCTMP 1
BUSYIN: w.

CALL RDSTMP
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! RLC FCECREMENT TIYE QUT LOOP Ry
Jc POLLIN ;IF BUSY=1 POLL FOR 4¢E .
b DCX L FTECREMEAT TIME OUT LCCP .
IRA A jCLEAR '& REG N
\ ORA D ;TEST D BEG FCR ¢ >
CRA E ;TEST T FEG FCR @
JNT BUSYIN ;IF NOT ¢ CONTINUE POLLING :
JMP RETIN  ;TIME OUT ERRCR, RETURN ~
PCILIN: %
CALL RISTMP iy
IRA B ;TEST FOE OP-COMPLETE .
Jz EARFIX .-
ICX T $TECREMEINT TIME OUT LOCP -
XRA A jCLEAR A REG
CRA D ;TIST D REG FCR @ -
ORA E $TEST E REG FCR ¢ ;
INZ POLLIN ;IF NOT ¢ CCNTINUE POLLING .
EAFFIX: .
CALL WRBLRS »
RETIN: -
ECP ] "
POP D g
JMp RDSTMP

b -
sBIOTMP AND ITS SUESEQUENT ROUTINES SET UP THE POINTERS SO TEAT THEE BUBBLE .
sDRIVERS DON'T HAVE TO BE LUPLICATET FIVE TIMES (IN THI CASE OF THE SSDR .
yIWENTY-FCUR TIMES. IT PUTS THE PROPER ADDRESS IN ALL THE REGISTERS TEAT -
JARE USEL DURING A READ/WRITE TO A BUBBLE. -

’ .
EIOTMP: ;BUBBLE I0 TMP LOADER i

EUSH E .
PUSE D .
LELD BUBNOTM -~
IXI L.e -
ICEG -
TAD D -
LAD B e
DAD D ’

XICHG

MV A,eC3E ;JMP OP CCDE

LXI E,RDBUBD

LAD D )
STA RDLTMP -
SELD RDDTMP +1 . o
IXI E,WRBUBD .
LAD D

STA WRDTMP

SHLD WRILTNMP+1

LX1 B ,RCBUBS I
TAD D K
STA RDSTMP "
SELD RECSTMP+1 :

LXI H,WRBUBC %
DAD D -
STA WRCTMP
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SELD WRCTMP+1

PCE D
FCP E
RET

- e

s RTBUBL IS THE ADLRESS SUPPLIET
+IT SUPPLIES THE ADDRESS OF THE

]
RLEUBL:

IN 808 » EUBBLE
RET
IN 828 y BURBLE
RET
IN 48 yEUEBLE
RET
IN 868 + BUBBLE
RET
IN 8ehn + BUBBLE
RET

H
yWEBUBD IS THE ADDRESS SUPPLIET
3 IT SUPPLIES THE ADDRESS OF THE

’

WREUERD:
cuT 808 + BUBBLE
RET
ouT 8281 3 BUBBLE
RET
cuT 84E yEUBBLE
RET
CuT e68 y BUBBLE
RET
oUT 888 s BUBBLE
RET

?
sRTBUBS SUPPLIES THE ADDRESS 10
ACTIVE BUBBLE.

1

RTEUBS:
IN e1d + BUBBLE
RET
IN 838 7 BUBBLE
RET
IN ESH +EUBBLE
RET
IN 87d s BUBBLE
RET
IN 8SH s BUBBLE
RET

.

?
s WRBUBC SUPPIIES TBY ADDRESS OF

s THE COMMAND BEGISTERS NEED TC BEI WRITTEN TO TEE CORRECT BUBBLE IS

yATDRESSED.
i

TO RDDTMP WHEN READING THE 3UBBLIE DATA.
ACTIVE BUBBLE.

CNE
WO :
THREE
FOUR )
FIVE .

TC ¥RDTMP DURING A WRITE OPERATION.
ACTIVE BUBBLE. !

ONE
e o) ‘ N
THREE
FOUR
FIVE

5 5 2 ¥ v,

EDSTMF DURING A STATUS CHECK OF TEE

ONE .
W0 :
TEREE X
FOUR

FIVE -

TEE ACTIVE BUBELE TO WHCIMP. TREN WHEN

ey

K}
)
%
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WREUEC:

iBUBBLE ONE
$ BUBBLE TVWQ
' RBUBELE TEREE
+ BUBBLE FOUR
jBUBBLE FIVE

- v -
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